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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a 
projection optical system, which can obtain 
high optical performance, being able to 
stably maintain the conditions of a 
prescribed optical element or the positional 
relation between prescribed plural optical 



elements, when it is constituted, for 

example, of a catadioptric system. 

SOLUTION: The image of the pattern of a reticle is projected on a wafer W via a 
projection optical system, composed of a first image-forming optical system K1 
and a second image-forming optical system K2, consisting of a catadioptric 
system. The first image-forming optical system K1 is supported with the first 



barrel 5, the second image-forming optical system K2 is supported with the 
second barrel 6, and the barrels 5 and 6 are fixed demountably to a support 
plate 11. The first barrel 5 is constituted by coupling a plurality of active divided 
tubes 22A-22E, etc., in the direction of the optical axis, and the second barrel 6 
id constituted through coupling divided tubes 12 and 46 in the direction of the 
optical axis, and two reflectors M1 and M2 inside the second barrel 6 are 
retained under the condition, that the displacement control relatively five degrees 
of freedom can be obtained. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The projection optical system characterized by having an optical 
element group containing at least one refraction member and two or more 
reflective members, being the projection optical system which forms the image of 
the body of the 1st page on the 2nd page, having two or more lens-barrel units 
which divide said optical element group into two or more sets, and hold it, and 
holding all of two or more of said reflective members in one lens-barrel unit in 
these two or more lens-barrel units. 

[Claim 2] The projection optical system according to claim 1 characterized by 
holding said partial optical element group in one in one lens-barrel unit in said 
two or more lens-barrel units while having the partial optical element group 
which forms a medium image in the 3rd page between said 1st page and said 
2nd page. 

[Claim 3] Said optical element group is a projection optical system according to 
claim 1 or 2 characterized by being arranged in accordance with one optical axis. 
[Claim 4] The 1st partial optical element group by which said optical element 
group has been arranged in accordance with the 1st optical axis, The 2nd partial 
optical element group which has been arranged in accordance with the 2nd 



optical axis prolonged in the direction which intersects said 1st optical axis, and 
was optically connected with said 1st partial optical element group, The 
projection optical system according to claim 1 or 2 characterized by having the 
3rd partial optical element group which has been arranged in accordance with 
the 3rd optical axis prolonged in the direction which intersects said 2nd optical 
axis, and was optically connected with said 2nd partial optical element group. 
[Claim 5] Said 2nd partial optical element group is a projection optical system 
according to claim 4 characterized by having said two or more reflective 
members of all. 

[Claim 6] Said two or more lens-barrel units are projection optical systems claims 
1 and 2 characterized by being supported mutually-independent, or given in 
three. 

[Claim 7] In the projection optical system containing the optical element group 
which forms the image of the predetermined scale factor of the body of the 1st 
page on the 2nd page The 1st lens-barrel unit which said optical element group 
is equipped with the 1st and 2nd suboptical element groups, and holds said 1st 
suboptical element group in one in accordance with the 1st optical axis, It has 
the 2nd lens-barrel unit which holds said 2nd suboptical element group in one in 



accordance with said 1st optical axis and the 2nd coaxis optical axis. The point 
of dividing during the object point and the image point about said 1st suboptical 
element group in accordance with said 1st optical axis by 1:beta1 (beta 1 being 
the real numbers other than zero) A passage, And said 1st lens-barrel unit is 
held according to the field near a flat surface vertical to said 1st optical axis, or 
this flat surface. The projection optical system characterized by holding said 2nd 
lens-barrel unit for the point of dividing during the object point and the image 
point about said 2nd suboptical element group in accordance with said 2nd 
optical axis by 1:beta2 (beta 2 being the real numbers other than zero), 
according to the field near a passage and a flat surface vertical to said 2nd 
optical axis, or this flat surface. 

[Claim 8] At least one lens-barrel unit of two or more of said lens-barrel units is a 
projection optical system claims 1, 2, 3, and 6 characterized by having the 
adjustment device in which the condition of the predetermined optical element 
held with this lens-barrel unit is adjusted, or given in seven. 
[Claim 9] It is the projection optical system of claim 1-8 which at least one of said 
two or more of the lens-barrel units is equipped with two or more maintenance 
blocks which hold one or more optical elements further, respectively, and is 



characterized by these two or more maintenance blocks having the adjustment 
device in which the condition of the optical element for maintenance is adjusted, 
respectively given in any 1 term. 

[Claim 10] At least one of said two or more of the lens-barrel units is a projection 
optical system claims 1, 2, 3, 6, 7, and 8 characterized by the removable thing, 
or given in nine. 

[Claim 11] It is the projection optical system which is equipped with the optical 
element group in which two or more aspheric surfaces were formed, is a 
projection optical system which forms the image of the body of the 1st page on 
the 2nd page, is equipped with two or more maintenance blocks which divide 
said optical element group into two or more sets, and hold it, and is 
characterized by the number of a maintenance block of said plurality being more 
than the number of said pages of aspheric surfaces. 

[Claim 12] It is the projection optical system according to claim 1 1 which said 
optical element group has two or more reflective members, and is characterized 
by holding these two or more reflective members at said maintenance block 
which differ one [ at a time ] mutually, respectively. 

[Claim 13] The projection optical system characterized by having an optical 



element group, being the projection optical system which forms the image of the 
body of the 1st page on the 2nd page, having two or more lens-barrel units 
which divide said optical element group into two or more sets, and hold it, and 
hanging and supporting at least one lens-barrel unit in these two or more 
lens-barrel units to a predetermined stand. . 

[Claim 14] Said projection optical system is a projection optical system of claim 
1-13 characterized by being used under the illumination light with a wavelength 
of 200nm or less, and supplying the purge gas which penetrates said illumination 
light to the interior of said projection optical system given in any 1 term. 
[Claim 15] Each of said optical element group is a projection optical system 
according to claim 14 characterized by being held by the frame part material or 
the frame device which it has two or more air holes. 

[Claim 16] It is the projection optical system which forms the image of the body of 
the 1st page on the 2nd page under light with a wavelength of 200nm or less. At 
least two maintenance blocks which position at least two refraction members 
and; aforementioned refraction members which are arranged in the optical path 
of said light; It connects with at least one maintenance block in said maintenance 
block. It is the projection optical system which is equipped with piping and; which 



supply the purge gas which penetrates said light to the space between the 
refraction members of this inside, and is characterized by said maintenance 
block having the frame part material or the frame device which it has two or more 
air holes. 

[Claim 17] Said light is a projection optical system according to claim 16 
characterized by having light with a wavelength of 160nm or less. 
[Claim 18] In the projection optical system used for the projection aligner for 
imprinting the projection original edition on a work piece Image formation optical 
system of 1 containing two or more reflective members of all that are the 
components of said projection optical system; Said reflective member which is 
the component of said projection optical system is not included. Other image 
formation optical system containing at least one refraction member which is the 
component of said projection optical system; the projection optical system 
characterized by having the lens-barrel unit of 1 holding said image formation 
optical system of 1 , the lens-barrel unit of the others holding image formation 
optical system besides; above, and;. 

[Claim 19] The optical element group containing at least one refraction member 
and two or more reflective members, It is the manufacture approach of the 



projection optical system equipped with two or more lens-barrel units which 
divide this optical element group into two or more sets, and hold it. The 
predetermined lens-barrel unit of said two or more lens-barrel units is made 
removable. The lens-barrel unit for adjustment is built into the location of said 
predetermined lens-barrel unit of the 1st projection optical system already 
completed as said projection optical system. The 1st process which adjusts the 
lens-barrel unit for [ said ] adjustment while measuring the optical property of 
said 1st projection optical system, The manufacture approach of the projection 
optical system characterized by having the 2nd process which finishes setting up 
the 2nd projection optical system and adjusts said 2nd projection optical system 
on the basis of said adjusted lens-barrel unit from the adjusted lens-barrel unit 
with which adjustment was performed at this 1st process, and lens-barrel units 
other than this. 

[Claim 20] The projection aligner which is equipped with the projection optical 
system of claim 1-18 given in any 1 term, and projects the image of the pattern of 
the 1st body on the 2nd body through this projection optical system. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the lens-barrel structure and its 
manufacture approach of the projection optical system which forms especially a 
medium image or consists of reflective refractive media of a straight cylinder 
mold about the projection optical system with which the projection aligner used 
in case devices, such as a semiconductor device, a liquid crystal display 
component, a plasma display component, and a micro machine, are 
manufactured at a photolithography process is equipped. 
[0002] 

[Description of the Prior Art] In the photography process for manufacturing a 
semiconductor device etc., the projection aligner exposed on the wafers (or 
glass plate etc.) with which the image of the pattern of the reticle as a mask was 
applied to the photoresist as a substrate through the projection optical system is 
used. The resolution required of the projection optical system of a projection 



aligner is increasing increasingly as degrees of integration, such as a 
semiconductor device, improve. In order to satisfy this demand, 
short-wavelength-izing of the illumination light for exposure (exposure light) and 
buildup of the numerical aperture (N.A.) of a projection optical system have been 
performed. However, if the class of** material which is equal to practical use 
with the absorption of light will decrease if exposure wavelength becomes short, 
and especially exposure wavelength becomes a vacuum-ultraviolet (VUV) 
region about 200nm or less, since the ** material which can be used in the actual 
condition is restricted to synthetic quartz, fluorite (CaF2), magnesium fluoride 
(MgF2), etc., how chromatic-aberration amendment is performed poses a 
problem. 

[0003] Utilization according [ the projection optical system which uses ArF 
excimer laser (wavelength of 193nm) as an exposure light ] to refractive media is 
still progressing considerably. However, exposure wavelength is F2. If set to 
180nm or less like laser (wavelength of 157nm), it is quite difficult to put a 
projection optical system in practical use in refractive media, and the expectation 
for the reflective refractive media equipped with the reflective member as a 
means to amend chromatic aberration is growing. Since it will be known to about 



100nm about this that there is sufficient permeability if it is fluorite, and it can be 
used as a refraction member if it is to this range, the cata-dioptric system with 
which exposure wavelength combined the refraction member which about 
100nm becomes from fluorite, and the reflective member is materialized. 
[0004] About cata-dioptric system, some types are already proposed. Among 
these, by using a page [ 2nd / or more ] reflector, the optical system of the type 
with which the core of an aperture diaphragm is covered can arrange all optical 
elements with a straight cylinder mold in accordance with one optical axis, 
without having an optical-path deflection member, further, since the image 
formation of the body on an optical axis can be carried out to the image surface, 
has the merit that the aberration amendment of the large exposure field can be 
carried out in the small number of optical elements, and can say them as a 
leading type. Like the optical system currently indicated by U.S. Pat. No. 
5,650,877, while the optical system of the type which makes a medium image in 
the middle of optical system also in it does not have a medium image, an optical 
member like a half mirror with a possibility of reducing the quantity of light 
substantially and producing the flare of a large quantity is excellent from the 
point of a throughput or the ease of manufacture compared with the optical 



system arranged on the way. As this type of a conventional technique, U.S. Pat. 
No. 5,717,518, U.S. Pat. No. 5,488,299, etc. are mentioned. 
[0005] Moreover, if exposure wavelength is set to about 200nm or less, since the 
rate of the exposure absorption of light by oxygen, a carbon dioxide, etc. will 
become high, in order to raise the illuminance on a wafer etc., the purge gas 
which has transmission even with the high wavelength of about 200nm or less, 
such as nitrogen gas (N2) and gaseous helium (helium), needs to permute the 
gas inside the lens-barrel of a projection optical system. Therefore, the various 
feeder styles of purge gas are proposed from before. 
[0006] 

[Problem(s) to be Solved by the Invention] In using the exposure light of a 
vacuum ultraviolet area like the above, reflective refractive media are excellent 
as a projection optical system. However, even if it is a straight cylinder mold, an 
overall length will become long compared with refractive media, and it is hard 
coming to hold only by one lens-barrel in reflective refractive media. Moreover, 
at the reflective refractive media of U.S. Pat. No. 5,717,518, by reflective 
refractive media, there is the need of making a reflective member (raw material 
system) larger than a refraction member (** material system), in many cases so 



that a large thing may also show the reflective member as a raw material system 
compared with the refraction member as a ** material system. In this case, if a 
comparatively small refraction member and a comparatively large reflective 
member shall be held as one by one lens-barrel, the structure of that lens-barrel 
will be complicated and it will become difficult to support that lens-barrel to 
stability. Furthermore, in order for rigging of the lens-barrel and all optical 
elements to also take time amount, there is inconvenience to which the 
manufacturing cost of a projection optical system becomes high. 
[0007] Then, the method of dividing the optical element group which constitutes 
reflective refractive media into not one lens-barrel but the lens-barrel into which 
plurality was divided, i.e., two or more so-called division lens-barrels, and 
holding it is also considered. However, when only classifying those optical 
element groups into grades to plurality and holding by two or more division 
lens-barrels, while the division lens-barrel of a partial quite complicated 
configuration may be needed, there is a possibility that the rigging activity of 
axial doubling of each division lens-barrels etc. may be complicated. 
[0008] Moreover, since there is a possibility of changing the physical relationship 
between the optical elements currently held at a different division lens-barrel by 



only holding by two or more division lens-barrels to a design value, there is a 
possibility that the generating factor of aberration may increase. Therefore, to 
use two or more division lens-barrels, the arrangement which suppresses 
generating of aberration is required, furthermore, in the projection aligner use 
vacuum ultraviolet light with a wavelength of about 200nm or less as an 
exposure light, when pass purge gas to the optical path inside a projection 
optical system and the lens-barrel consist of two or more division lens-barrels, 
the "stagnation" arise with the flow of purge gas in the boundary section of a 
division lens-barrel, and there be a possibility that the concentration of extinction 
matter, such as oxygen, may not fully fall. It is, especially light with a wavelength 
of 170nm or less, F2 [ for example, ]. In the projection aligner which uses a laser 
beam (wavelength of 157nm) as an exposure light, since the allowed value of 
the residual concentration of the extinction matter becomes low, when a division 
lens-barrel method is only adopted, there is a possibility that the residual 
concentration of the extinction matter may not fall below in an allowed value. 
[0009] It sets it as the 1st object that this invention offers the projection optical 
system from which the physical relationship between the condition of a 
predetermined optical element or the optical element of predetermined plurality 



can be maintained to stability, and high optical-character ability is obtained when 
constituted from reflective refractive media in view of this point. Moreover, this 
invention sets jt as the 2nd object to offer a projection optical system with easy 
rigging, when constituted from reflective refractive media. 
[0010] Moreover, this invention sets it as the 3rd object to offer the projection 
optical system which can supply purge gas by the high grade while it is easy 
rigging, when constituted for example, from reflective refractive media. 
Furthermore, this invention sets it as the 4th object to offer the manufacture 
approach of a projection optical system that such a projection optical system can 
be manufactured efficiently. 

[0011] Furthermore, this invention aims also at offering the highly efficient 

projection aligner equipped with the projection optical system. 

[0012] 

[Means for Solving the Problem] The 1st projection optical system by this 
invention has an optical element group containing at least one refraction 
member (L1 1-L24, L2) and two or more reflective members (M1, M2). It is the 
projection optical system which forms the image of the body of the 1st page (1) 
on the 2nd page (4). It has two or more lens-barrel units (5 6) which divide that 



optical element group into two or more sets, and hold it, and all of two or more of 
those reflective members are held in one lens-barrel unit in two or more of these 
lens-barrel units (6). 

[0013] The yield of aberration when this this invention shifts from the location on 
a design of the location of an optical member is made paying attention to the 
reflective member being larger compared with a refraction member. According to 
this invention, since all of two or more reflective members are held in one 
lens-barrel unit, the relative-position relation of two or more reflective members 
is held at an almost fixed condition. And since this will be equivalent to only the 
lens-barrel unit only holding other refraction members having displaced if it is 
considered on the basis of the lens-barrel unit even if the lens-barrel unit which 
holds a reflective member by oscillation etc. displaces, the yield of the whole 
aberration is stopped low and high optical-character ability is obtained. 
[0014] In this case, while having the partial optical element group (L11-L24) 
which forms a medium image in the 3rd page between that 1st page and its 2nd 
page (3), it is desirable to hold that partial optical element group in one in one 
lens-barrel unit in two or more of those lens-barrel units (5). Thus, when a 
medium image is formed, the outer diameters of the optical member before and 



behind a medium image may differ greatly. Then, a partial optical element group 
can be easily held now to stability by holding the partial optical element group 
which forms the medium image in one lens-barrel unit. 

[0015] Moreover, the optical element group is arranged in accordance with one 
optical axis (AX) as an example. Thus, by considering as the configuration of a 
straight cylinder mold, the configuration of the lens-barrel as the whole is 
miniaturized and the optical element group can be held to stability. Furthermore, 
as for two or more of the lens-barrel units, being supported 
mutually-independent is desirable. By this, rigging becomes easy. 
[0016] Moreover, the 1st partial optical element group by which the optical 
element group has been arranged in accordance with the 1st optical axis as 
another example, The 2nd partial optical element group which has been 
arranged in accordance with the 2nd optical axis prolonged in the direction which 
intersects the 1st optical axis, and was optically connected with the 1st partial 
optical element group, The thing equipped with the 3rd partial optical element 
group which has been arranged in accordance with the 3rd optical axis 
prolonged in the direction which intersects the 2nd optical axis, and was optically 
connected with the 2nd partial optical element group may be used. In this case, 



as an example, that 1st optical axis and its 2nd optical axis lie at right angles 
mostly, and that 3rd optical axis is almost parallel to that 1st optical axis. 
Moreover, the 2nd partial optical element group may have two or more of the 
reflective members of all. 

[0017] Next, the 2nd projection optical system of this invention is set to the 
projection optical system containing the optical element group which forms the 
image of the predetermined scale factor of the body of the 1st page (1) on the 
2nd page (4). The 1st lens-barrel unit which the optical element group is 
equipped with the 1st suboptical element group (L1 1-L28, L30) and the 2nd 
suboptical element group (M1, M2), and holds the 1st suboptical element group 
in one in accordance with the 1st optical axis (5A), It has the 2nd lens-barrel unit 
(6A) which holds the 2nd suboptical element group in one in accordance with the 
1st optical axis and the 2nd coaxis optical axis. The point of dividing during the 
object point and the image point about the 1st suboptical element group in 
accordance with the 1st optical axis by 1:beta1 (beta 1 being the real numbers 
other than zero) A passage, And the 1st lens-barrel unit is held according to the 
field near a flat surface vertical to the 1st optical axis, or this flat surface. The 2nd 
lens-barrel unit is held for the point of dividing during the object point and the 



image point about the 2nd suboptical element group in accordance with the 2nd 
optical axis by 1:beta2 (beta 2 being the real numbers other than zero), 
according to the field near a passage and a flat surface vertical to the 2nd optical 
axis, or this flat surface. 

[0018] According to this this invention, since each lens-barrel unit is supported 
mutually-independent, it is easy rigging. Furthermore, even if the 1st lens-barrel 
unit (5A) and the 2nd lens-barrel unit (6A) incline, an image shift hardly arises, 
respectively. Therefore, when it applies to a projection aligner, even if a 
lens-barrel unit displaces under the effect of the oscillation of a stage system etc., 
always high optical-character ability is obtained. 

[0019] Moreover, as for at least one lens-barrel unit of two or more of those 
lens-barrel units, in each projection optical system of above-mentioned this 
invention, it is desirable to have the adjustment device (14, 15, 17, 20) in which 
the condition of the predetermined optical element held with this lens-barrel unit 
is adjusted. By adjusting the conditions (the location of the direction of an optical 
axis, the location (eccentric adjustment) of the biaxial direction of in a flat surface 
vertical to an optical axis, tilt angle around biaxial, etc.) of the predetermined 
optical element, predetermined image formation properties, such as a scale 



factor of the projection optical system and aberration, can be amended. 
[0020] Moreover, at least one of two or more of the lens-barrel units of those (5) 
is equipped with two or more maintenance blocks (22A-22E) which hold one or 
more optical elements further, respectively, and it is [ these maintenance blocks 
of two or more ] desirable to have the adjustment device (20) in which the 
condition of the optical element for maintenance is adjusted, respectively. 
Moreover, the removable thing of at least one of two or more of the lens-barrel 
units of the is desirable. 

[0021] Next, the 3rd projection optical system of this invention is equipped with 
the optical element group in which two or more aspheric surfaces (ASP1-ASP8) 
were formed. It is the projection optical system which forms the image of the 
body of the 1st page on the 2nd page, and it has two or more maintenance 
blocks (22A-22E, 25A, 25B, 12, 46) which divide the optical element group into 
two or more sets, and hold it, and the number of a maintenance block of the 
plurality is carried out to more than the number of pages of the aspheric surfaces. 
[0022] At the time of the assembly of the projection optical system of this 
invention, the case where the eccentricity of about several micrometers remains 
in each optical element in which the aspheric surface was formed, respectively is 



possible. High order eccentric aberration occurs with the eccentricity of such the 
aspheric surface. Then, in case for example, each maintenance block is 
incorporated for the number of the maintenance block one by one as more than 
the number of pages of the aspheric surfaces, by performing eccentric 
adjustment or preparing the eccentric adjustment device in each maintenance 
block, the high order eccentric aberration can be amended and high 
optical-character ability is obtained. 

[0023] In this case, when that optical element group has two or more reflective 
members (M1 , M2), as for two or more of these reflective members, it is 
desirable to be held at that maintenance block (12 46) that differs one [ at a 
time ] mutually, respectively. If the location of a reflective member has shifted 
from the design location, big aberration will occur compared with a refraction 
member. Therefore, when it has two or more reflective members, in case each 
reflective member is held with a different maintenance block, for example, these 
maintenance blocks are incorporated one by one, aberration can be made still 
smaller by having the device which adjusts a relative position or can tune the 
relative position of those reflective members finely. 
[0024] Moreover, the 4th projection optical system of this invention is a 



projection optical system which has an optical element group and forms the 
image of the body of the 1st page (1) on the 2nd page (4). It has two or more 
lens-barrel units (5A, 6A) which divide that optical element group into two or 
more sets, and hold it, and at least one lens-barrel unit in two or more of these 
lens-barrel units (6A) is hung and supported to a predetermined stand (11). 
[0025] Thus, by hanging a lens-barrel unit and supporting by the method, the 
lens-barrel unit, as a result the optical element held by it can always be 
supported to stability, and a high optical property can be maintained. As for each 
projection optical system of these this inventions, it is desirable to be used under 
the illumination light with a wavelength of 200nm or less as an example, and to 
supply the purge gas which penetrates that illumination light to the interior of that 
projection optical system in this case. Since each projection optical system of 
this invention is a method which repeats two or more lens-barrel units or two or 
more maintenance blocks (it connects), it is easy rigging. Furthermore, since 
these lens-barrel units and a maintenance block can be done in airtight high 
structure, the purge gas can be supplied to the interior of the projection optical 
system by the high grade. Therefore, the illuminance of the illumination light 
becomes high and a high throughput is obtained at an exposure process. 



[0026] In this case, it is desirable to prepare two or more air holes in the 
members (lens frame etc.) which hold each optical element (a refraction member, 
reflective member) within each lens-barrel unit or each maintenance block, and 
to consider as hole aperture structure. Moreover, the maintenance block holding 
a for example comparatively large reflective member may be supported 
according to the frame device in which permeability is high. According to these 
devices, the stagnation of purge gas is lost and the residual concentration of the 
impurity (extinction matter) within the projection optical system can be lowered 
as a result. 

[0027] Next, at least two refraction members which the 5th projection optical 
system of this invention is a projection optical system which forms the image of 
the body of the 1st page on the 2nd page under light with a wavelength of 200nm 
or less, and are arranged in the optical path of the light, It connects with at least 
two maintenance blocks which position the refraction member, and at least one 
maintenance block in the maintenance block. Having piping which supplies the 
purge gas which penetrates that light to the space between the refraction 
members of this inside, that maintenance block has the frame part material or 
the frame device which it has two or more air holes. According to this projection 



optical system, while rigging is easy, purge gas can be supplied by the high 
grade. 

[0028] In this case, that light has light with a wavelength of 160nm or less as an 
example. Moreover, the 6th projection optical system of this invention sets the 
projection original edition to the projection optical system used for the projection 
aligner for imprinting on a work piece. The image formation optical system of 1 
containing two or more reflective members of all that are the components of the 
projection optical system, Other image formation optical system which contains 
at least one refraction member which is the component of the projection optical 
system excluding the reflective member which is the component of the projection 
optical system, It has the lens-barrel unit of 1 holding the image formation optical 
system of 1 , and other lens-barrel units holding image formation optical system 
besides the above. According to this projection optical system, since two or more 
reflective members of all are held in one lens-barrel unit, the physical 
relationship between these reflective members can maintain to stability, and high 
optical-character ability is obtained. 

[0029] Next, the optical element group in which the manufacture approach of the 
projection optical system of this invention contains at least one refraction 



member and two or more reflective members, It is the manufacture approach of 
the projection optical system equipped with two or more lens-barrel units (5 6) 
which divide this optical element group into two or more sets, and hold it. The 
predetermined lens-barrel unit of two or more of the lens-barrel units (5 6) is 
made removable. The lens-barrel unit for adjustment is built into the location of 
the predetermined lens-barrel unit of the 1st projection optical system already 
completed as the projection optical system. The 1st process which adjusts the 
lens-barrel unit for [ the ] adjustment while measuring the optical property of the 
1st projection optical system, It finishes setting up the 2nd projection optical 
system from the adjusted lens-barrel unit with which adjustment was performed 
at this 1st process, and lens-barrel units other than this, and has the 2nd process 
which adjusts that 2nd projection optical system on the basis of that adjusted 
lens-barrel unit. 

[0030] According to the manufacture approach of this projection optical system, 
when manufacturing two or more projection optical systems to juxtaposition, for 
example, the projection optical system which rigging completed can be used and 
the lens-barrel unit for the following projection optical systems can be adjusted in 
a short time. Therefore, the rigging time amount as the whole can be shortened. 



Moreover, the manufacture approach of another projection optical system of this 
invention The optical element group containing at least one refraction member 
and at least one reflective member, It is the manufacture approach of the 
projection optical system equipped with two or more lens-barrel units (5A, 6A) 
which divide this optical element group into two or more sets, and hold it. At least 
one of those lens-barrel units While having at least one optical element in it, it 
has the maintenance block (44A-44E) equipped with the 1st device (17 20) in 
which the relative position to the lens-barrel unit is adjusted. At least one of 
those lens-barrel units (5A) is equipped with the 2nd device (15 17) in which the 
condition as the whole can be adjusted, and after it performs adjustment 
between two or more lens-barrel units using the 2nd device, it removes the 
aberration which remains using the 1st device. 

[0031] Thus, by adjusting, it can respond to fine adjustment of aberration to 
small big aberration, and a projection optical system with an optical property 
almost equal to the design engine performance can be manufactured. Next, the 
projection aligner of this invention is equipped with the projection optical system 
of above-mentioned this invention, and projects the image of the pattern of the 
1st body (R) on the 2nd body (W) through this projection optical system. By the 



activity of the projection optical system of this invention, rigging of the whole 
equipment becomes easy and a manufacturing cost can be reduced. 
[0032] 

[Embodiment of the Invention] Hereafter, with reference to drawing 2 - drawing 
4 , it explains per gestalt of operation of the 1st of this invention. This example is 
F2 as an exposure light (illumination light). While using laser (main wavelength 
of 157.6nm), this invention is applied to the projection optical system of a straight 
cylinder mold with the reflective refraction mold equipped with two reflecting 
mirrors with which opening was formed near the optical axis, respectively. 
[0033] Drawing 2 is the lens block diagram of the projection optical system of this 
example, and the image of the body arranged in the body side 1 (the 1st page) is 
formed for the predetermined projection scale factor beta on the image surface 4 
(the 2nd page) of the projection optical system of this example in this drawing 2 . 
It is 1/4 time the projection scale factor beta of this example of this, and at the 
time of exposure, the pattern side of the reticle R as a mask is arranged in the 
body side 1 , and the front face of the wafers W (or glass plate etc.) as an 
exposed substrate (photosensitive substrate) is arranged in the image surface 4. 
[0034] The projection optical system of this example consists of 1st image 



formation optical system K1 for forming the primary image (medium image) 3 of 
the pattern of reticle, and 2nd image formation optical system K2 for forming the 
secondary image (the last image) of a reticle pattern on a wafer for a cutback 
scale factor based on the light from a primary image. The 1st image formation 
optical system K1 consists of a 1st lens group G1 which has forward refractive 
power, aperture-diaphragm AS, and a 2nd lens group G2 which has forward 
refractive power sequentially from the reticle side. Moreover, the main electric 
shielding member 2 which shades the light near the optical-axis AX in a different 
location from the installation side of aperture-diaphragm AS in the direction of an 
optical axis AX is arranged near the installation side of aperture-diaphragm AS. 
[0035] The 2nd image formation optical system K2 consists of a primary mirror 
M1 which has the surface reflector which turned the concave surface to the 
wafer side sequentially from a reticle side, and has opening (light transmission 
section) 7 in the center, a lens L2, and a secondary mirror M2 equipped with the 
reflector which has opening (light transmission section) 8 in the center. Moreover, 
the projection optical system of this example has the aspheric surface of eight 
sheets, and gives Sign ASPm to the m-th aspheric surface (m= 1 , 2, --) from the 
reticle side of the lens sides. 



[0036] And the 1st lens group G1 consists of a lens L1 1 of the meniscus 
configuration where the aspheric surface ASP 1 of a convex was turned to the 
reticle side, a lens L12 of the meniscus configuration where the aspheric surface 
ASP 2 of a convex was turned to the reticle side, and a lens L13 of the meniscus 
configuration where the aspheric surface ASP 3 of concave was turned to the 
wafer side, sequentially from the reticle side. Moreover, the lens L21 of both the 
concave configuration where the 2nd lens group G2 turned the aspheric surface 
ASP 4 of concave to the reticle side sequentially from the reticle side, It consists 
of a lens L22 of both the convex configuration where the aspheric surface ASP 5 
of a convex was turned to the reticle side, a lens L23 of the meniscus 
configuration where the aspheric surface ASP 6 of a convex was turned to the 
wafer side, and a lens L24 of the meniscus configuration where the aspheric 
surface ASP 7 of concave was turned to the wafer side. Furthermore, the lens L2 
in the 2nd image formation optical system K2 is a lens of the meniscus 
configuration where the aspheric surface ASP 8 of concave was turned to the 
reticle side. 

[0037] All the optical elements (G1, G2, M1, M2, L2) that constitute the 
projection optical system of this example are arranged in accordance with the 



single optical axis AX. Moreover, a primary mirror M1 is arranged near the 
formation location of the primary image 3, and a secondary mirror M2 
approaches a wafer and is arranged. In this way, in the projection optical system 
of drawing 2 , the light from the pattern of Reticle R forms the primary image 
(medium image) 3 of a reticle pattern through the 1st image formation optical 
system K1 . The light which the light from the primary image 3 was reflected with 
the secondary mirror M2 through central opening 7 and the central lens L2 of a 
primary mirror M1, and was reflected with the secondary mirror M2 is reflected 
with a primary mirror M1 through a lens L2. The light reflected with the primary 
mirror M1 forms the secondary image of a reticle pattern in the front face of 
Wafer W for a cutback scale factor through the opening 8 of the center of a lens 
L2 and a secondary mirror M2. 

[0038] Fluorite (CaF2 crystal) is used for all the dioptrics members (lens 
component) that constitute the projection optical system of drawing 2 . Moreover, 
F2 which is exposure light The oscillation core wavelength of a laser beam is 
157.6nm, oscillation wavelength width of face is narrow-band-ized by 
157.6nm**10pm extent, and many aberration is amended good by the 
wavelength within the limits in the condition (for example, one atmospheric 



pressure and the addition energy which is immediately after exposure initiation 
and passed the projection optical system about 0 condition) of becoming 
predetermined criteria. [ atmospheric pressure ] CaF2 to the main wavelength of 
157.6nm A refractive index is 1.5600000. 

[0039] Moreover, when the configuration of the aspheric surface used by the 
projection optical system of this example set the height of a direction vertical to 
an optical axis to y, and sets distance (the amount of sags) in alignment with the 
optical axis from the tangential plane in the top-most vertices of the aspheric 
surface to the location on the aspheric surface in height y to Z, top-most-vertices 
radius of curvature is set to r, a constant of the cone is set to kappa and the n-th 
aspheric surface multiplier is made into A-F, it is expressed with the following 
formulas. 

1+ {1- (1+kappa) and y2/r2} 1 / Z= (y2/r) / [2]+A-y4 
+B-y6+C-y8+D-y10+E-y12+F-y14 - (1) 

[0040] The value of the item of the projection optical system of this example is 
hung up over the following table 1 . a table 1 - setting - lambda - the main 
wavelength of exposure light - NA carries out an image side numerical aperture, 
and, as for phi, beta is carrying out the table of the diameter of the image circle 



on a wafer for the projection scale factor, respectively. Moreover, d is the 
spacing (mm) whose r is shaft top spacing of each field about the radius of 
curvature (mm : the case of the aspheric surface radius of curvature in top-most 
vertices) of each field in the sequence of the field from the reticle side which met 
in the direction in which the beam of light from a reticle side to the wafer side 
whose field number is a body side, and which is the image surface advances 
CaF2 in an optical material Fluorite is shown, respectively. 
[0041] Moreover, Spacing d shall change the sign, whenever it is reflected. 
Therefore, the sign of Spacing d considers as negative in the optical path from a 
secondary mirror M2 to a primary mirror Ml, and is taken as forward in other 
optical paths. And irrespective of the direction of incidence of a beam of light, the 
convex radius of curvature r is made forward toward a reticle side, and the 
concave radius of curvature r is made negative. In addition, in the gestalt of all 
operations, the same sign as the gestalt of this 1st operation is used below. 
[0042] 
«table 1» 
(Major characteristics) 

lambda=157.6nm**10pm beta= 0.2500 NA=0.75 phi= 16.4mm Spacing from a 



reticle side to the 1st page = 201.4588mm Field number r d Optical material 1 
(ASP1) 199.4802 23.6189 CaF2 2 1933. 2675 269.2901 3 (ASP2) 248.9463 
38.4449 CaF2 4 1002. 9474 19.1120 5 109.3351 28.6306 CaF2 6 (ASP3) 
143.4010 21.0000 7(AS) infinity35.47878 (ASP4)-1 979.6492 27.8589CaF(s)2 9 
215.977713.6424 10 (ASP5) 838.3987 20.3225 CaF2 11 -252.7298 143.557312 
- 475.028225.5347 CaF 213 (ASP6)-98.491 41 2.5880 14 174.9476 50.0000 
CaF2 15 (ASP7) 249.0939 370.2800 16 (ASP8) -965.4467 42.8265 CaF2 17 - 
8820.5445 -42.8265 CaF2 18 (ASP8) -965.4467 -223.7172 19 346.8643 
223.7172 20 (ASP8) -965.4467 42.8265 CaF2 21 -8820.5445 10.0000 (aspheric 
surface data) 

ASP1 ASP2 ASP3kappa= 0.00000 kappa= 0.00000 kappa= 
0.00000A=-9.61 173x1 0-9 A=-1. 5561 5x1 0-7 

A=-1 .49247x1 0-7B=-2. 14569x1 0-1 3 B=-4.68023x10-12 B= 2.48237x10-12 C= 
7.59160x10-18 C= 3.66473x10-18 C= 1.10343x10-15 D=-5.90665x1 0-22 D= 
2.76851x10-21 D=-6.65598x10-20 E=0.0 E= 4.46701x10-25 E=-2.1 5738x1 0-24 
F=0.0 F= 0.0 F= 0.0 ASP4 ASP5 ASP6kappa= 0.00000 kappa= 0.00000 kappa= 
O.00O0OA=-9.40388x1O-8 A= 1.88036x10-8 A= 1. 67077x1 0-7B=-4.01 544x1 0-1 2 
B=-1.59516x10-12 B=-2.42295x10-12 C=-6.89483x10-17 C=-3. 15148x1 0-1 6 



C= 1.58927x10-15 D= 1.70469x10-20 D=-2.20945x10-20 
D=-1.11815x10-19E=-6.15241x10-24 E= 0.0 E= 1.37831x10-23 F=0.0 F= 0.0 
F= 0.0 ASP7 ASP8kappa=0.00000 kappa=17.06579A=-1 .42562x10-7 A= 
7.65400x1 0-9B= 2.11000x10-11 B=-7.96595x10-15C=-3.82147x10-15 
C=-8.95740x10-19D= 2.44894x10-19 D= 6.26276x1 0-23E=0.0 
E=-1. 26805x1 0-27F=0.0 F= 1.50073x10-32 [0043] As mentioned above, F2 
whose main wavelength is 157.6nm in the projection optical system of the 
reflective refraction mold of drawing 2 While securing the image 0.75 side NA, 
without enlarging a primary mirror M1 by small lens number of sheets to a laser 
beam, a 16.4mm image circle is securable on a wafer. Therefore, when the 
projection optical system of drawing 2 is applied to a projection aligner, high 
resolving of 0.1 micrometers or less can be attained. Moreover, the projection 
optical system of drawing 2 can be applied to the projection aligner of step - and 
- scanning method, the exposure field on a wafer can be set up 15mmx6mm in 
the shape of a rectangle, and a reticle pattern can be imprinted to a 
30mmx40mm field by performing splice exposure by two scanning exposure. 
[0044] Next, it explains per configuration of the lens-barrel at the time of applying 
the projection optical system of drawing 2 to a projection aligner, drawing 3 is the 



sectional view showing the important section at the time of carrying the 
projection optical system of drawing 2 in a projection aligner, and the 2nd image 
formation optical system K2 whose 1st image formation optical system K1 to a 
lens L11 - a lens L24 is the aggregate of two or more division lens-barrels and 
which is held by 5 [ barrel / 1st ] and consists of a primary mirror M1, a lens L2, 
and a secondary mirror M2 is the aggregate of two or more division lens-barrels 
in this drawing 3 -- the 2nd barrel is held by 6. Barrels 5 and 6 correspond to two 
or more lens-barrel units of this invention, and two or more division lens-barrels 
which constitute barrels 5 and 6 support the maintenance block of this invention. 
Moreover, barrels 5 and 6 are attached free [ attachment and detachment ] to 
the support plate 1 1 as a stand of a projection aligner. 

[0045] First, it is carried in opening of the U character mold formed in the center 
section of the support plate 1 1 of a projection aligner, and the 2nd barrel of the 
flange of the upper division lens-barrel 12 is being fixed to the support plate 11 
through the bolt, while 6 connects two division lens-barrels 12 and 46 in the 
direction of an optical axis with a bolt 23 by three or more places and consists of 
reticle sides. And it is held so that a primary mirror M1 may be hung through the 
elastic vertical direction driver element 14 in the frame device 13 and the 



direction of an optical axis of three V character molds in the division lens-barrel 
12, and the lens L2 and the secondary mirror M2 are held through the lens frame 
16 of the three vertical direction driver elements [ 15 or 1 ], and 1 set of eccentric 
direction driver elements 17 in the lower division lens-barrel 46. As vertical 
direction driver elements 14 and 15, an electromotive micrometer, piezoelectric 
devices (piezo-electric element etc.), or a small motor can be used, for example. 
The biaxial surrounding tilt angle biaxial and the optical-axis AX direction of an 
optical element (a primary mirror M1 , a lens L2, secondary mirror M2) location 
[ the direction ] and cross at right angles can be adjusted by controlling the 
amount of actuation of the three vertical direction driver elements 14 and 15. 
[0046] On the other hand, 1 set of eccentric direction driver elements 17 consist 
of two actuators, such as an electromotive micrometer to which the variation rate 
of the optical element for maintenance is carried out along with biaxial [ with 
which it intersects perpendicularly within a flat surface vertical to an optical axis 
AX ], piezoelectric devices (piezo-electric element etc.), or a small motor, and 
the two energization sections, such as coiled spring which forces the optical 
element to these actuators. Therefore, the eccentricity in alignment with biaxial 
[ biaxial and the optical element cross at right angles ] can be adjusted by 



controlling the amount of actuation of two actuators of the eccentric direction 
driver element 17. In addition, the sectional view (the same is said of the 
sectional view of the gestalt of the following operations) of drawing 3 expresses 
the cross section along the field which has a 120-degree aperture angle 
centering on an optical axis AX about the vertical direction driver element (14, 15 
grades) and a bolt 23, and expresses the usual longitudinal section about the 
eccentric direction driver element 17. 

[0047] Next, active mold division lens-barrel 22A to which 5 holds the 1st barrel 
of a lens L1 1 sequentially from a reticle side, The lens-barrel 24 for spacers, and 
active mold division lens-barrel 22B holding a lens L12, A lens L13, 
aperture-diaphragm AS, and division lens-barrel 25A holding the main electric 
shielding member 2, Division lens-barrel 25B holding a lens L21, and active 
mold division lens-barrel 22C holding a lens L22, While it connects in the 
direction of an optical axis and being constituted from the location of three or 
more places by the bolt 23, respectively, active mold division lens-barrel 22D 
holding a lens L23, and active mold division lens-barrel 22E holding a lens L24 
The 2nd barrel of the flange of active mold division lens-barrel 22E of the bottom 
is being fixed to the top face of the division lens-barrel 12 of 6 with the bolt. 



[0048] And, respectively five active mold division lens-barrels 22A-22E arrange 
the lens frame 21, and are constituted through the splice 19 which can rotate 
freely in the location of three places, and the vertical direction driver element 20, 
to an outer case 18, and the optical element (lenses L11-L24) is held in the lens 
frame 21 . The configuration of the vertical direction driver element 20 is the 
same as that of the vertical direction driver elements 14 and 15, and five active 
mold division lens-barrels 22A-22E can adjust the biaxial surrounding tilt angle 
biaxial and the optical-axis AX direction of the internal lenses L1 1-L24 location 
[ the direction ] and cross at right angles, respectively. 

[0049] Drawing 4 (a) is a sectional view which meets AA line of drawing 3 , and 
the vertical direction driver element 20 of drawing 3 is arranged in this drawing 4 
(a) in the locations 20A-20C of three places arranged by the equiangular 
distance centering on an optical axis AX. Moreover, the bolt 23 which performs 
connection to the outer case 18 of active mold division lens-barrel 22A and the 
lens-barrel 24 for spacers under it is arranged in three notching sections 18a 
prepared in the periphery section of an outer case 18. For example, by using the 
method which contains a bolt in the notching section of an outer case 18 like this 
example compared with the method connected by binding tight with a bolt the 



flange which projected two division lens-barrels outside, division lens-barrel 22A 
etc. can be formed from few ingredients, and a manufacturing cost can be 
reduced. In addition, in order to raise whenever [ between the adjoining division 
lens-barrels / sealing ] and to maintain the purity of internal purge gas highly, the 
O ring (un-illustrating) is arranged in the slot between each division lens-barrel 
(un-illustrating), respectively. Furthermore, in order to raise whenever [ between 
the adjoining division lens-barrels / sealing ], a bolt 23 may be arranged in the 
location of about three or more places, for example, 12 places, moreover, the 
sectional view which meets BB line of drawing 4 (a) - drawing 3 - the 1st barrel 
supports the sectional view of 5. 

[0050] Drawing 4 (b) is the amplification perspective view showing the splice 19 
and the vertical direction driver element 20 of drawing 3 , in this drawing 4 (b), a 
splice 19 consists of pins 33 which connect a saucer 32, the projected part 31 
which touches free [ a revolution ] to a saucer 32, and a saucer 32 and a 
projected part 31 , and the edge of the vertical direction driver element 20 is 
connected with the projected part 31. Thus, although it is the configuration which 
can be rotated around one shaft, a splice 19 may be constituted so that it can 
rotate around biaxial. 



[0051] The amount of actuation of the vertical direction driver element 14 in 2nd 
barrel 6 and the eccentric direction driver element 17 is controlled by the vertical 
direction driver element 20 of return and the active mold division lens-barrels 
22A-22E by drawing 3 , and is controlled by the image formation property control 
system 27 by the list. In this case, the sensors (a rotary encoder, an 
electrostatic-capacity type, or optical gap sensor) which detect the amount of 
actuation, respectively are built into each driver elements 20, 14, and 17, and the 
image formation property control system 27 controls the amount of actuation of 
the corresponding driver elements 20, 14, and 17, feeding back the detection 
result of those sensors. 

[0052] Actuation of the image formation property control system 27 is controlled 
by the main control system 26 which carries out control control of the actuation 
of the whole equipment of a projection aligner, and the measurement data from 
the environmental sensor 28 equipped with sensors, such as a barometer which 
measures the atmospheric pressure around the projection aligner of this 
example (atmospheric pressure), a thermometer which measures surrounding 
temperature, and a hygrometer, are supplied to the main control system 26 with 
the predetermined sampling rate. Furthermore, the projection aligner of this 



example is equipped also with the light exposure control system 29 which asks 
for the addition energy of the exposure light (illumination light) which passes a 
projection optical system by carrying out the monitor of the illuminance (pulse 
energy) of the light which branched from exposure light in the illumination-light 
study system indirectly, and the information on the addition energy from the light 
exposure control system 29 is also supplied to the main control system 26. If a 
surrounding atmospheric pressure and addition energy change, since image 
formation properties, such as a best focus location of a projection optical system, 
a projection scale factor, and many aberration (distortion, astigmatism, a 
curvature of field, spherical aberration, comatic aberration, etc.), will be changed 
gradually, the relation between an atmospheric pressure, addition energy, etc. 
and the amount of fluctuation of image formation properties, such as a projection 
scale factor, is beforehand memorized by the storage section of the main control 
system 26 as a table. And when measurement values, such as atmospheric 
pressure, are changed or addition energy increases gradually, the main control 
system 26 drives five lenses L1 1-L24 so that the amount of fluctuation of the 
image formation property of corresponding through the image formation property 
control system 27 and the vertical direction driver element 20 may be offset. In 



addition, to fluctuation of a best focus location, the focal location of Wafer W may 
be controlled and you may cope with it. Moreover, a primary mirror M1 and a 
lens L2 (secondary mirror M2) may be further driven through the vertical 
direction driver elements 14 and 15 and the eccentric direction driver element 17 
if needed. 

[0053] Moreover, the exposure light (illumination light) of this example is F2. 
Since it is laser (main wavelength of 157.6nm), the purge gas with which high 
transmission is obtained also to the light of a vacuum ultraviolet area is supplied 
to the optical path of the exposure light by the high grade. As purge gas, an 
inactive gas can be used chemically [ nitrogen gas or rare gas (helium, neon, an 
argon, a krypton, a xenon, radon) ]. Nitrogen gas is cheap while permeability 
with the comparatively high wavelength of about 150nm is obtained, but 
absorption will become large if wavelength is set to about 150nm or less. 
Moreover, although gaseous helium is expensive, permeability comparatively 
high to the wavelength of about 100nm is obtained. Furthermore, thermal 
conductivity of gaseous helium is high (about 3 times of neon, and about 6 times 
of nitrogen gas), it is excellent in temperature stability, and has the advantage 
that the amount of fluctuation of the refractive index to change of an atmospheric 



pressure is small (about [ of neon ] 1/2, and about [ of nitrogen gas ] 1/8). So, in 
this example, gaseous helium shall be used as purge gas. 
[0054] Therefore, in drawing 3 , the 1st barrel of a feed pipe with bulb V5 is 
connected to the lens-barrel 24 for spacers of 5 from the feeder (un-illustrating) 
of external purge gas, and the purge gas of the high grade by which temperature 
control was carried out to the interior of a projection optical system from the feed 
pipe is supplied. And the 2nd barrel of the exhaust pipe with bulb V15 which 
leads to the feeder is connected to the division lens-barrel 12 of 6, and the purge 
gas which flowed the inside of a projection optical system is returned to the 
feeder through the exhaust pipe. In the feeder, after removing an impurity from 
the returned purge gas, the purge gas which fills up the amount which leaked 
outside and is obtained is again supplied in a projection optical system through 
the feed pipe. 

[0055] In this case, the space between the three vertical direction driver 
elements 20 which drive the downward lenses L12-L24 rather than a feed pipe, 
respectively While being able to circulate purge gas, in the lens frame 21 which 
holds a lens within active mold division lens-barrel 22B - 22E, and the lens frame 
of the division lens-barrels 25A and 25B Much openings are mostly formed by 



the equiangular distance, and purge gas can stagnate the inside of 1st barrel 5, 
and can flow towards the inside of 2nd barrel 6 that there is nothing. Furthermore, 
between the lens frame 21 of the lens L1 1 of the maximum upper case in 1st 
barrel 5, and the outer case 18, in order to prevent the leakage of purge gas, the 
airtight high bellows-like coat member 9 is formed as an example. 
[0056] Moreover, the purge gas which flowed in 2nd barrel 6 passes opening of 
the space between the frame devices 13, the clearance by the side of the 
outside surface of a primary mirror M1 , and the center of a primary mirror M1, 
reaches the upper part of a lens L2, and is exhausted through an exhaust pipe 
with bulb V15 from here, since [ in this case, ] the purge gas of a high grade is 
supplied also to the sealed cabin (sealed cabin where the wafer stage system is 
contained) where Wafer W is contained in this example -- the purge gas in 2nd 
barrel 6 Wafer W side from the perimeter of the lens L2 of the lowest edge - 
being certain — it grade-leaks, and even if it comes out, it does not interfere. 
However, it is desirable to prepare a coat member so that between the perimeter 
of a lens L2 and the division lens-barrels 46 may be sealed to prevent runoff of 
the purge gas from the perimeter of a lens L2 to Wafer W side. 
[0057] As mentioned above, according to the projection optical system of this 



example, on both sides of the primary image (medium image) 3, the 1st image 
formation optical system K1 and the 2nd image formation optical system K2 are 
arranged, and the outer diameter of the optical element of the 1st image 
formation optical system K1 differs from the outer diameter of the optical element 
of the 2nd image formation optical system K2 greatly. Then, it is easy to hold all 
the optical elements that constitute a projection optical system by considering as 
the configuration which sandwiches the primary image 3, holds the 1st barrel of 
the 1st image formation optical system K1 by 5, and holds the 2nd barrel of the 
2nd image formation optical system K2 by 6 mechanically. 
[0058] Moreover, considering each optical element of cata-dioptric system, the 
yield of aberration when the direction of a reflective member shifts from a 
predetermined location becomes large far from a refraction member. Since this 
is set to 2 by the reflective member to a refractive index being before and after 
0.5 in a refraction member, the variation of a refractive index when a location 
shifts is because it comes after 4 time forward by the reflective member to a 
refraction member with a Sneirs law. It is thought that each barrels 5 and 6 are 
various causes even if an assembly is completed, and they, on the other hand, 
changes each other physical relationship delicately. However, it is expected that 



it seldom changes since the relative position of the optical element in each barrel 
5 and 6 is connected mutually and held. 

[0059] From the above thing, all reflective members (M1 , M2) like this example 
with the configuration arranged in one barrel 6 If it thinks that other barrels 5 
displaced on the basis of the barrel 6 containing the reflective member even 
when the barrel 6 displaces temporarily, it means that only the refraction 
member had moved substantially and there is an advantage whose yield of 
aberration decreases compared with the case where the reflective member is 
independently distributed to two or more barrels. 

[0060] In addition, it is [ manufacture ] easier to have enlarged the effective 
diameter of a reflector enough and for a refraction member to make the diameter 
of a raw material small to it, in order to utilize the capacity of a reflector enough 
by reflective refractive media generally. In order to cope with this, it is effective to 
allot the lens group which makes a medium image, makes the flux of light small 
comparatively, and makes a reflective member the main optical elements with 
the lens group of only a refraction member before and behind that. Thus, since 
the reflective member and the refraction member are divided before and behind 
the medium image in the projection optical system of the reflective refraction 



mold which makes not only the projection optical system of this example but 
almost all the medium image while the outer diameter of the optical element 
within each barrel having gathered comparatively if a barrel is constituted in the 
unit, and being easy to hold the lens group which makes a medium image 
mechanically if it thinks, the yield of aberration can be made low. 
[0061] Then, the regulating ability of the projection optical system of drawing 3 is 
explained. The page [ 8th ] aspheric surface is included in the projection optical 
system of this example, and those fields have a possibility that about several 
micrometers may shift to the optical axis of a lens in the case of manufacture in it. 
For this reason, even if it assembled all lenses on the basis of the optical-axis 
core of a lens, there will be a possibility that the high order eccentric aberration 
by the aspheric surface having shifted may occur. In order to cope with this, it is 
the same as the number of the aspheric surfaces at least, or it is desirable to 
give eccentric regulating ability to the member of the number beyond it. 
[0062] Moreover, big aberration will be generated if the reflective member is 
shifted from the design location as mentioned above. Therefore, when two or 
more reflective members (M1, M2) are included like this example, it is necessary 
to adjust the reflective member of another side to the reflective member which is 



surely one side. For this reason, he is trying not to include only one reflective 
member in one maintenance block by this example, as the division lens-barrels 
12 and 46 show. 

[0063] Then, it explains per example of the manufacture procedure of this 
projection optical system! According to the projection optical system of this 
example, it is thought that the aberration usually generated by the reflective 
member is large. However, as a result of measuring the aberration of a 
projection optical system first, even if it turns out that large aberration has 
occurred, the aberration cannot specify in many cases where it has generated. If 
there is a projection optical system of the same design completed beforehand as 
a cure in such a case, how to exchange only one barrel by the projection optical 
system [ finishing / the completion ] and the projection optical system to be 
manufactured from now on can be considered, while exchanging for the 2nd 
barrel of the projection optical system [ finishing / completion of 6 / the 2nd 
barrel ] holding a reflective member in this example and observing the optical 
image of the projection optical system - the division lens-barrels 12 and 46 in 
2nd barrel 6 — advancing side by side - or a tilt is carried out and it adjusts, in 
this case, all the aberration generated when [ at which only the 2nd barrel was 



exchanged to the projection optical system completed from the first ] it divided 
and came out, and it is and an optical image is observed was exchanged the 
2nd barrel has occurred by 6. Therefore, if 6 [ barrel / 2nd ] is adjusted observing 
an optical image, 6 [ barrel / 2nd ] can be adjusted to the condition almost near 
an ideal location. Then, although 5 [ barrel / 2nd / barrel / 1st ] is doubled with 6 
and adjusted, since [ adjusted ] what is necessary is to adjust only 5 [ barrel / 
1st ] in this case, the whole projection optical system can be adjusted in a short 
time. 

[0064] If the above adjustments are performed, the optical image approaches 
the design value gradually. However, since it cannot adjust to real time, looking 
at an optical image when performing adjustment between each division 
lens-barrel (maintenance block) even in such a case, where a projection optical 
system is once taken down from a support plate 1 1 , there is a possibility that 
aberration may remain according to the adjustment tolerance of each division 
lens-barrel. In order to remove this residual aberration and to amend the 
aberration by atmospheric pressure fluctuation etc. further, it consists of 
projection optical systems of drawing 3 so that the vertical migration and the tilt 
to which five lenses L1 1 , L12, L22-L24 met the optical axis by control from the 



outside may be made. It is because it is sufficient number to amend the 
aberration and the eccentric aberration of the 3rd direction of an optical axis that 
the number of controllable optical elements is five. The 1st barrel of this 
adjustment device is altogether included in 5. It is because 6 consists of only 
reflective members (it is considered that a lens L2 is also a rear-face reflecting 
mirror), and generating of aberration is too large and it does not turn [ barrel / 
2nd ] to fine adjustment by the reflective member. While being able to remove 
the aberration which remained at the end by using this adjustment device and 
being able to manufacture the projection optical system of homogeneous ability 
mostly with a design value eventually, an image formation property is 
maintainable in the ideal condition. 

[0065] Moreover, the primary mirror M1 is held according to the frame device 13. 
By making it the frame structure, the attachment component of a reflecting mirror 
does not divide the ambient atmosphere inside a lens-barrel. It is possible to 
permute quickly by this, without producing residual (stagnation) gas, in case 
inert gas, such as helium, permutes the interior of a lens-barrel. Furthermore, 
lightweight-izing of the attachment component of a reflecting mirror is possible 
by making it the frame structure. 



[0066] With reference to drawing 1 , drawing 5 - drawing 7 , it explains per 
projection optical system of [the gestalt of the 2nd operation], next the gestalt of 
operation of the 2nd of this invention. This example is also F2 as an exposure 
light. While using laser (main wavelength of 157.6nm), this invention is applied to 
the projection optical system of a straight cylinder mold with the reflective 
refraction mold equipped with two reflecting mirrors with which opening was 
formed near the optical axis, respectively, in drawing 5 - drawing 7 , the sign of 
the same or resemblance is given to the part corresponding to drawing 2 and 
drawing 3 , and the detail explanation is omitted. 

[0067] First, drawing 1 is the conceptual diagram of the projection optical system 
of the gestalt of this 2nd operation, and is set to this drawing 1 . The projection 
optical system of this example consists of 1st image formation optical system K1 
and 2nd image formation optical system K2. The light from the object point AP in 
the location of height Y of the location A on an optical axis AX forms the primary 
image (medium image) BP in the location of height betal and Y of a location B 
(beta 1 is the real numbers other than zero) through the 1st image formation 
optical system K1 . The light from the primary image BP forms the image point 
CP in the location of height betal , beta2, and Y of a location C (beta 2 is the real 



numbers other than zero) through the 2nd image formation optical system K2. In 
this case, when the projection scale factor of the whole projection optical system 
is set to beta, it is beta=beta 1 and beta 2. It is materialized. Moreover, the 2nd 
image formation optical system K2 shall contain the reflective member. 
[0068] In drawing 1 , the image formation optical system K1 and K2 is 
mechanically held by the 1barrel5A and 2nd barrel 6A by one 
mutually-independent, respectively. In this case, in order considering the optimal 
point for holding Barrels 5A and 6A to maintain the image formation engine 
performance highly, even when Barrels 5A and 6B incline, the point that an 
image shift does not occur is desirable. Such a point is the point P1 which 
divides interiorly between a location A and locations B to 1:beta1, when the 1st 
image formation optical system K1 acts by -betal time (beta1> 0) about 
locations A and B. Because, set spacing of a location A and a point P1 to L1 by 
drawing 1 , and since the point which is in a location A from the first is in the 
height of L1 and theta to the optical axis of the inclined optical system when only 
an include angle theta inclines, the 1st image formation optical system K1 
Although the point in which this carries out image formation turns into a point of 
the height of -betal, L1, and theta to the inclined optical axis, this is only a point 



in the location B on the original optical axis. If similarly distortion is removed also 
about the point which has predetermined image quantity from the first even if 
optical system inclines, an image shift will not occur. Therefore, if barrel 5A is 
held in a field vertical to an optical axis AX through a point P1, even if barrel 5A 
inclines, an image shift will hardly occur. What is necessary is similarly, just to 
hold barrel 6A in a field vertical to an optical axis AX at the point P2 which 
divides interiorly between a location B and locations C by 1:beta2, when the 
scale factor of the 2nd image formation optical system K2 which carries out 
image formation from a location B to a location C is beta 2. 
[0069] Drawing 5 is the lens block diagram of the projection optical system of the 
gestalt of this 2nd operation, and is set to this drawing 5 . The exposure light 
(illumination light) IL which passed the pattern of the reticle R arranged in the 
body side 1 The primary image (medium image) 3 is formed through the 1st 
image formation optical system K1 , and the light from the primary image 3 forms 
the secondary image (the last image) of a reticle pattern in the front face of the 
wafer W arranged through the 2nd image formation optical system K2 in the 
image surface 4 for a cutback scale factor. 

[0070] The 1st image formation optical system K1 consists of the 1st lens group 



G1 which has forward refractive power, aperture-diaphragm AS, a 2nd lens 
group G2 which has forward refractive power, and a lens L30 of both the 
concave configuration with negative refractive power sequentially from the 
reticle side. Moreover, the main electric shielding member 2 which shades the 
light near the optical-axis AX in a different location from the installation side of 
aperture-diaphragm AS in the direction of an optical axis AX is arranged near the 
installation side of aperture-diaphragm AS. 

[0071] The 2nd image formation optical system K2 consists of secondary mirrors 
M2 which have the primary mirror M1 which has the surface reflector which 
turned the concave surface to the wafer side sequentially from a reticle side, and 
has opening (light transmission section) 7 in the center, and the surface reflector 
which turned the concave surface to the reticle side, and have opening (light 
transmission section) 8 in the center. Moreover, the projection optical system of 
this example has the aspheric surfaces ASP1-ASP8 of eight sheets. 
[0072] And the lens L1 1 of the meniscus configuration where the 1st lens group 
G1 turned the aspheric surface ASP 1 of a convex to the wafer side sequentially 
from the reticle side, It consists of the lens L12 of the meniscus configuration 
where the concave surface was turned to the reticle side, a lens L13 of the 



meniscus configuration where the aspheric surface ASP 2 of a convex was 
turned to the wafer side, a lens L14 of the meniscus configuration where the 
aspheric surface ASP 4 of concave was turned to the reticle side, and a lens L15 
of both the convex configuration. Moreover, the lens L21 of both the convex 
configuration where the 2nd lens group G2 turned the aspheric surface ASP 4 of 
a convex to the reticle side sequentially from the reticle side, The lens L22 of the 
meniscus configuration where the concave surface was turned to the reticle side, 
and the lens L23 of the meniscus configuration where the aspheric surface ASP 
5 of a convex was turned to the reticle side, The lens L24 of both the convex 
configuration where the aspheric surface ASP 6 of a convex was turned to the 
reticle side, It consists of the lens L25 of the meniscus configuration where the 
aspheric surface ASP 7 of concave was turned to the wafer side, a lens L26 of 
both the convex configuration, a lens L27 of both the convex configuration where 
the aspheric surface ASP 8 of a convex was turned to the reticle side, and a lens 
L28 of both the convex configuration. 

[0073] In this way, in the projection optical system of drawing 5 , the light from 
the pattern of Reticle R forms the primary image (medium image) 3 of a reticle 
pattern through the 1st image formation optical system K1 . The light from the 



primary image 3 is reflected with a primary mirror M1, after being reflected with a 
secondary mirror M2 through the opening 7 of primary mirror M1 center. The 
light reflected with the primary mirror M1 forms the secondary image of a reticle 
pattern in the front face of Wafer W for a cutback scale factor through the 
opening 8 of the center of a secondary mirror M2. 

[0074] Fluorite (CaF2 crystal) is used for all the dioptrics members (lens 
component) that constitute the projection optical system of drawing 5 . Moreover, 
F2 which is exposure light It is CaF [ as opposed to / the oscillation core 
wavelength of a laser beam is 157.624nm, and oscillation wavelength width of 
face is narrow-band-ized by 157.624nm**1pm extent, and / the main wavelength 
of 157.624nm ]2. A refractive index is 1.559238. Furthermore, the configuration 
of the aspheric surface used by the projection optical system of this example is 
expressed with (1) type. The following table 2 is made equivalent to a table 1, 
and the value of the item of the projection optical system of this example is hung 
up. 

[0075] 

«table 2» 

(Major characteristics) 



Iambda=157.624nm**1pm beta= 0.2500 NA=0.75 phi= 16.4mm Spacing from a 
reticle side to the 1st page = 97.4647mm Field number r d Optical material 1 - 
133.8316 35.0000 CaF2 2 (ASP1) -116.4714 1.0000 3 - 554.1774 20.5256 
CaF2 4 - 213.7250 25.1023 5 - 261.9616 20.0289 CaF2 6 (ASP2) -168.6391 
20.3246 7 (ASP3) -96.4098 25.0000 CaF2 8-163.95185.8731 9 782.1 145 
40.0000 CaF2 10 -194.0414 1.1373 11 (AS) infinity 20.649812 (ASP4) 104.9826 
24.2585 CaF2 13 - 1294.581610.7993 14 -152.5389 20.0000 CaF2 15 - 
858.7147 38.4039 16 (ASP5) 798.2520 20.1464 CaF2 17 198.7615 4.1296 18 
(ASP6) 261.7539 29.0815 CaF2 19 - 501.0834 63.3677 20 3299. 4456 30.0000 
CaF2 21 (ASP7) 360.6533 39.6971 22 1401 . 839234.4568 CaF2 23 - 170.8148 
5.9831 24 (ASP8) 266.5085 24.4029 CaF2 25 - 370.3218 38.2791 26 255.6101 
39.9997 CaF2 27-1343.1549 49.5384 28 -142.9084 21 .2041 CaF2 29 1 12.3957 
1 4.2675 30 427.9297 284.4437 (virtual side) 

31 (M2) -3734.1426 -284.4437 32 (M1) 427.9297 284.4437 33 -3734.1426 
13.3911 (virtual side) 
(Aspheric surface data) 

ASP1 ASP2 ASP3kappa= 0.0000 kappa= 0.0000 kappa= 0.0000A= 7.4338 
X10-8 A=-3.1895 X10-8 A=-1 .8862 x10-7B= 1.4821 x10-12 B= 1.5252x10-12 



B=-2.5593 xlO-12 C= 2.8340 x10-16 C=-1.5642 x10-16 C=-1.2889 x10-15 
D=1.0465 X10-21 D= 1.0493x10-20 D=1.3308 x1 0-1 9E= 2.3982 x10-24 
E=-7.2790 X10-25 E= 2.2662 x10-23 F=0.0 F= 0.0 F= 0.0 ASP4 ASP5 
ASP6kappa= 0.0000 kappa= 0.0000 kappa= 0.0000A=-1 .7279 x10-7 A=-7.8055 
x10-8A= 1.4844 x10-8B=-2.6931 X10-11 B= 2.461 1x10-1 1 B=-1 .7927 x1 0-1 1 
C=-2.7058 xlO-15 C=-3.3373 x10-15C= 3.0001 x10-15 D=-2.7673 x10-19 
D=-5.8685 X10-19 D=3.4128 x10-19E=-8.2067 x10-23 E= 6.5684x10-23 
E=-7.3746 X10-23 F=0.0 F=0.0F=0.0 ASP7 ASP8kappa= 0.0000 
kappa=0.0000A= 9.0882 x10-8 A= 1.3982 x10-8B=-1. 6366 x10-12B= 2.9315 
x1 0-1 3C= 1.4369x10-16 C= 8.0049 x10-17D=-9.1 173 x10-20 D=-2.5823 
x10-20E= 4.3321 x10-24 E= 1.2241 x10-24F=0.0 F=0.0[0076] As mentioned 
above, at the projection optical system of the reflective refraction mold of 
drawing 5 , it is F2. While securing the image 0.75 side NA, without enlarging a 
primary mirror M1 by small lens number of sheets to a laser beam, a 16.4mm 
image circle is securable on a wafer. Next, it explains per configuration of the 
lens-barrel at the time of applying the projection optical system of drawing 5 to a 
projection aligner. 

[0077] Drawing 6 is the sectional view showing the important section at the time 



of carrying the projection optical system of drawing 5 in a projection aligner, and 
is set to this drawing 6 . It is held by 1st barrel 5A (lens-barrel unit) whose 1st 
image formation optical system K1 to lenses L11-L28 and a lens L30 is the 
aggregate of two or more division lens-barrels (maintenance block). The 2nd 
image formation optical system K2 which consists of a primary mirror M1 and a 
secondary mirror M2 is held by 2nd barrel 6A (lens-barrel unit) which is the 
aggregate of two or more division lens-barrels (maintenance block). Barrel 5A is 
attached in the top face of the support plate 1 1 of a projection aligner free 
[ attachment and detachment ], and barrel 6A is attached free [ attachment and 
detachment ] by the method hung on the base of the support plate 1 1 . 
[0078] First, 2nd barrel 6A connects two division lens-barrels 37 and 36 through 
the three vertical direction driver elements 15, and consists of reticle sides. And 
the flange of the division lens-barrel 36 is supported by ring-like supporter 
material 35B through the eccentric direction driver element 17, and supporter 
material 35B is supported so that it may hang through a splice 19 and the 
vertical direction driver element 14 to supporter material 34B of three V 
character molds fixed to the base around [ which was established in the support 
plate 11 ] opening. Furthermore, a primary mirror M1 is held through the 



eccentric direction driver element 17 in the division lens-barrel 37, the lens frame 
38 is held through three splices 19 and the vertical direction driver element 15 in 
the division lens-barrel 36, and the secondary mirror M2 is held with the lens 
frame 38. The shift to the location of the optical-axis AX direction over the 
support plate 11 as the whole 2nd barrel 6A, a biaxial surrounding tilt angle, and 
the 2-way within a field vertical to an optical axis AX is controllable by this 
configuration (henceforth "5 control of the variation rate of a degree of freedom"). 
Furthermore, while the variation rate of five degrees of freedom to 2nd barrel 6A 
of a primary mirror M1 is controllable, the location of the optical-axis AX direction 
over 2nd barrel 6A of a secondary mirror M2 and the tilt angle around biaxial are 
controllable (henceforth "3 control of the variation rate of a degree of freedom"). 
[0079] Moreover, projection scale factor of the 2nd image formation optical 
system K2 (a primary mirror M1 , secondary mirror M2) over the front face of the 
primary image 3 to the wafer W - If beta 2 the - two - a barrel -- six - A - a back 
face -- it is — a splice - 19 (soffit of supporter material 34B) — a core » a passage 
- an optical axis — AX — being vertical — a field — primary — an image — three — 
from - a wafer — W — a front face - up to - an optical axis - AX - having met - 
distance - one — : — beta — two -- dividing interiorly — a point — a passage — a 



field vertical to the optical axis AX — almost — touching — **** . In this example, it 
is beta2=-0.49. By this, even if 2nd barrel 6A rotates around the back face, the 
horizontal shift of a projection image does not arise. 

[0080] 1st barrel 5A sequentially from a reticle side Next, active mold division 
lens-barrel 44A, While connecting division lens-barrel 45A, the active mold 
division lens-barrels 44B and 44C, the division lens-barrels 39 and 45B, and the 
active mold division lens-barrels 44D and 44E in the direction of an optical axis 
with a bolt (un-illustrating) in the location of three or more places, respectively 
and being constituted The flange of the division lens-barrel 39 of the middle is 
supported by ring-like supporter material 35A through the eccentric direction 
driver element 17. Supporter material 35A It is laid in supporter material 34A of 
three reverse the molds of V characters fixed to the top face around opening of a 
support plate 11 through the splice 19 and the vertical direction driver element 
15. The variation rate of five degrees of freedom to the support plate 1 1 as the 
whole 1st barrel 5A is controllable by this. 

[0081] Moreover, five active mold division lens-barrels 44A-44E contain the lens 
frame 41 , the vertical direction driver element 20, and a spacer 42 to an outer 
case 40, respectively (such sequence may change), inside a spacer 42, fix the 



lens frame 43, and are constituted through the eccentric direction driver element 
17, and the lens is held in the lens frame 41 and 43, respectively. And five active 
mold division lens-barrels 44A-44E Lenses L11, L14, L22, L26, and L30 are held 
in the condition that control of the variation rate of five degrees of freedom can 
be performed, respectively. The active mold division lens-barrels 44A, 44B, and 
44D hold lenses L12, L15, and L27 by the quiescent state, respectively, and hold 
two active mold division lens-barrels 44C and 44E in the condition that control of 
the variation rate of three degrees of freedom can do lenses L21 and L28 with 
lenses L22 and L30, respectively. Furthermore, the division lens-barrels 45A and 
45B hold lenses L13 and L25 through the lens frame 41, respectively, and the 
division lens-barrel 39 holds lenses L23 and L24 through two lens frames 41. 
[0082] And actuation of the vertical direction driver elements 14, 15, and 20 of all 
of drawing 6 and the eccentric direction driver element 17 is also controlled by 
the image formation property control system 27 of drawing 3 , and the same 
image formation property control system. Consequently, also in this example, 
while being able to drive easily the physical relationship of a primary mirror M1 
and a secondary mirror M2 into a design value at the time of rigging of a 
projection optical system, the residual aberration after assembling 1st barrel 5A 



can be reduced. Furthermore, an image formation property can be amended in 
an exposure process if needed. 

[0083] Moreover, projection scale factor of the 1st image formation optical 
system K1 (lenses L1 1-L30) over the primary image 3 from the pattern side of 
Reticle R - If beta 1 the -- one a barrel -- five - A — a back face ~ it is -- a splice 
- 19 - a core (upper bed of supporter material 34A) — a passage - an optical 
axis - AX - being vertical - a field reticle « R - a pattern - a field from - 
primary - an image - three up to ~ an optical axis — AX - having met -- 
distance - one - : - beta one - dividing interiorly — a point -- a passage — a 
field vertical to the optical axis AX - almost - touching - **** . In this example, it 
is beta1=- 0.51, and even if 1st barrel 5A rotates around the back face by this, the 
horizontal shift of a projection image does not arise. 

[0084] In addition, although about 10mm of lenses L30 is downward from the 
primary image (medium image) 3, they consider mechanical balance and belong 
to 1st barrel 5A (the 1st image formation optical system K1). In this case, 
although a medium image turns into a virtual image, above-mentioned 
explanation does not necessarily change. Moreover, the page [ 8th ] aspheric 
surface is included in the projection optical system of this example. Therefore, 



there are more ten block structures (37 the division lens-barrels 44A, 45B, and 
44B, - 36) than this. By this, the physical relationship between the aspheric 
surfaces can be doubled with high degree of accuracy to a design value. 
[0085] Next, drawing 7 is the top view of drawing 6 , and the vertical direction 
driver element 20 of drawing 6 is arranged in this drawing 7 in the locations 
20A-20C of three places arranged by the equiangular distance centering on an 
optical axis AX. Moreover, the eccentric direction driver element 17 of drawing 6 
consists of actuators 17A and 17C which do the variation rate of the lens frame 
43 to the 2-way which intersects perpendicularly, and the two energization 
sections 17B and 17D which push the lens frame 43 to these actuators. 
Furthermore, eight openings 43a for passing purge gas smoothly is formed in 
the lens frame 43. 

[0086] Two or more openings for passing purge gas also like return and each 
lens frame 41 are formed in drawing 6 . The purge gas of the high grade 
supplied to the sealed cabin (reticle stage room) where nitrogen gas is used as 
purge gas in this example, and Reticle R is contained The purge gas which 
passed opening of each lens frames 41 and 43 in 1st barrel 5A of a projection 
optical system, resulted in 2nd barrel 6A, and flowed in 2nd barrel 6A It flows to 



the sealed cabin (wafer stage room) where Wafer W is contained through 
opening (un-illustrating) prepared in the lens frame 38, and opening of the center 
section of the secondary mirror M2. In this case, in case purge gas permutes the 
gas inside a projection optical system, permuting quickly is possible, since much 
openings are formed in each lens frames 41 and 43, without producing residual 
(stagnation) gas. Furthermore, lightweight-izing of a reflecting mirror attachment 
component is also possible by making it hole vacancy structure. 
[0087] Furthermore, in order to raise the airtightness of 1st barrel 5A, between 
the division lens-barrels 44A, 45A, and 44B and the O ring (un-illustrating) is 
infixed, respectively. Furthermore, coat member 9A of the shape of bellows 
which is elastic as an example is prepared, the elastic coat member 
(un-illustrating) is prepared so that the vertical direction driver element 15 
between the division lens-barreis 36 and 36 may be covered, and it is 
constituted so that the open air may not mix from the side face of a projection 
optical system, so that the space between 1st barrel 5A and 2nd barrel 6A may 
be sealed. The purge gas inside a projection optical system is maintained by this 
at a high grade. 

[0088] With reference to drawing 8 and drawing 9 , it explains per projection 



optical system of [the gestalt of the 3rd operation], next the gestalt of operation 
of the 3rd of this invention. While ArF excimer laser (main wavelength of 
193.3nm) is used for it as an exposure light, this example applies this invention 
to the projection optical system of the reflective refraction mold of ****** with 
which light passes through the outside of a predetermined reflecting mirror, in 
drawing 8 and drawing 9 , gives the sign of the same or resemblance to the part 
corresponding to drawing 2 - drawing 6 , and omits the detail explanation. 
[0089] Drawing 8 is the lens block diagram of the projection optical system of the 
reflective refraction mold of this example, and is set to this drawing 8 . The 
projection optical system of this example The 1st image formation optical system 
Gi of the reflective refraction mold for forming the medium image 11 of the 
pattern of the reticle R in the body side 1 (the 1st page), It has the 2nd image 
formation optical system G2 of the refraction mold for forming the last image of a 
reticle pattern at a tele cent rucksack based on the light from the medium image 
11 on the front face of the wafer W in the image surface 4 (the 2nd page). And 
the 1st image formation optical system G1 and the 2nd image formation optical 
system G2 are held by the 1barrel5B and 2nd barrel 6B, respectively. 
[0090] First, the lens group L1 in which the 1st image formation optical system 



G1 contains at least one positive lens component, Having the 1st reflector M1 in 
which the light which penetrated the lens group L1 is reflected, and the 2nd 
reflector M2 for leading the light reflected in the 1st reflector M1 to the 2nd image 
formation optical system G2, at least one side of the 1st and 2nd reflectors M1 
and M2 is a concave surface reflector. The lens L1 1 of the meniscus 
configuration where the lens group L1 turned the concave surface to reticle 
sequentially from the reticle side as an example, It has the lens L12 of the 
forward refractive power of the meniscus configuration where the concave 
surface was turned to reticle, and the lens L13 of the meniscus configuration 
where the aspheric surface ASP 1 of a convex was turned to reticle. A reflector 
M1 To reticle, it is the aspheric surface ASP 2 of concave, and a reflector M2 is 
the aspheric surface ASP 3 of concave to a reflector M1, and the lens L14 of 
both the concave configuration is arranged between the reflector M1 and the 
reflector M2. 

[0091] On the other hand, as an example the 2nd image formation optical 
system G2 sequentially from a reticle side The lens L21 of both the convex 
configuration, The lens L22 of both the concave configuration where the 
aspheric surface ASP 4 of concave was turned to reticle, The lens L23 of both 



the convex configuration, and the lens L24 of both the convex configuration 
where the aspheric surface ASP 5 of a convex was turned to reticle, The lens 
L25 of the meniscus configuration where the concave surface was turned to 
reticle, and the lens L26 of both the convex configuration, It has the lens L27 of 
both the convex configuration where the aspheric surface ASP 6 of a convex 
was turned to the wafer, three lenses L28 and L29 of the meniscus configuration 
where the concave surface was turned to the wafer, respectively, and L2A, and 
aperture-diaphragm AS is arranged near the plane of incidence of a lens L23. 
[0092] And all the optical element components that the projection optical system 
of this example has are arranged on the optical axis AX of the shape of a single 
straight line, the body side 1 and the image surface 4 are flat surfaces almost 
parallel to mutual, and the exit pupil of the projection optical system is almost 
circular. Although fluorite (CaF2 crystal) is used about one lens L24 among all 
the dioptrics members (lens component) that constitute the projection optical 
system of drawing 8 , synthetic quartz (Si02) is used about the other lens. 
Moreover, it is SiO [ as opposed to / the oscillation core wavelength of the ArF 
excimer laser light which is exposure light is 193.3nm, and oscillation 
wavelength width of face is narrow-band-ized by 193.3nm**0.48pm extent, and / 



the main wavelength of 193.3nm ]2. And CaF2 The refractive index is as follows. 

[0093] Si02 Refractive index: 1. 5603261 CaF2 Refractive index: The 

configuration of the aspheric surface used by the projection optical system of the 

example of 1.5014548 and also a book is expressed with (1) type. The following 

table 3 is made equivalent to a table 1 , and the value of the item of the projection 

optical system of this example is hung up. 

[0094] 

«table 3» 

(Major characteristics) 

lambda= 193.3nm (main wavelength) 

beta= 0.2500 NA=0.75 Field number r d Optical material 1 -211 .97583 
30.000000 Si02 2 - 354.80161 35.347349 3 - 8888.21083 38.000000 Si02 4 - 
227.79960 0.944905 5 (ASP1) 303.84978 27.415767 Si02 6 237634.15996 
30.000000 7 (M2) infinity 214.77641 6 (virtual side) 

8 -348.87932 12.000000 Si02 9 4267.07121 5.579827 10(ASP2) -362.24910 
-5.579827 (M1) 11 4267.07087 -12.000000 Si02 12 -348.87932 -214.776416 
13(ASP3) 642.80918 246.776416 (M2) 14 208.71115 33.000000 Si02 15 - 
2529.72930 257.546203 16 (ASP4)-1810.41832 14.500000 Si02 17 851.98207 



220.408225 18 15200. 59096 30.000000 Si02 19 - 268.76515 0.200000 20 
(ASP5) 434.96005 36.01 31 63CaF2 21 - 345.83883 10.489902 22 - 215.91874 
20.000000 Si02 23 - 619.95152 0.200000 24 415.08345 40.000000SiO2 25 - 
1275.90912 26.288090 26324.91386 35.000000 Si02 27 (ASP6) -740.00769 
5.214992 28 140.91060 34.000000 Si02 29 1406.88948 0.500000 30 
355.40083 17.506069 Si02 31 98.27403 1.561573 32 105.2794475.940555 
Si02 33 1597.37798 12.920542 (aspheric surface data) 
ASP1 ASP2 ASP3kappa= 0.000000 kappa= 3.260270 kappa= 1.840470A= 
0.743561x10-8 A= 0.859110x10-8 A= 0. 1 98825x1 0-8B=-0.230589x1 0-1 2 B= 
0.351935x10-12 B= 0.556479x1 0-1 3C=-0.1 15168x10-17 C=-0. 100064x1 0-1 5 
C= 0.597091x1 0-1 8D=-0.7531 45x1 0-22 D= 0.318170x10-19 
D=0.492729x10-22E= 0.0 E=-0.489883x10-23 E=-0.1 03460x1 0-26F= 0.0 F= 
0.0 F= 0.0 ASP4 ASP5 ASP6kappa= 0.000000 kappa= 0.000000 kappa= 
0.000000A=-0.885983x10-7 A=-0. 161 380x1 0-7 A= 

0. 1 38330x1 0-7B=-0.200044x1 0-11 B= 0.153066x10-12 B= 0.194125x10-12 
C=-0.570861x10-16 C= 0.108604x10-17 C=-0.258860x10-18 D= 
0.456578x10-22 D= 0.319975x10-21 D=-0.1 96062x1 0-22 E=-0.493085x1 0-25 
E=-0. 101 080x1 0-25 E= 0.363539x10-26 F= 0.0 F= 0.0 F= 0.0 [0095] By having 



stopped the image formation performance degradation by absorption of the ** 
material to be used, upwards, the projection optical system of the reflective 
refraction mold of this example is amended with sufficient balance of aberration 
in all the exposure fields, in spite of being a both-sides tele cent rucksack. Next, 
it explains per configuration of the lens-barrel at the time of applying the 
projection optical system of drawing 8 to a projection aligner. 
[0096] Drawing 9 (a) is the sectional view showing the important section at the 
time of carrying the projection optical system of drawing 8 in a projection aligner, 
and is set to this drawing 9 (a). It is held by 1st barrel 5B (lens-barrel unit) whose 
1st image formation optical system G1 which consists of lenses L1 1-L14 and a 
reflecting mirror with reflectors M1 and M2 is the aggregate of two or more 
division lens-barrels (maintenance block). The 2nd image formation optical 
system G2 which consists of a lens L21 - L2A is held by 2nd barrel 6B 
(lens-barrel unit) which is the aggregate of two or more division lens-barrels 
(maintenance block). 2nd barrel 6B is attached in the top face of the support 
plate 1 1 of a projection aligner free [ attachment and detachment ], and 1st 
barrel 5B is attached in the top face of the 2nd barrel 6B free [ attachment and 
detachment ]. 



[0097] First, 2nd barrel 6B connects the division lens-barrel 51, the active mold 
division lens-barrels 56B and 55B, division lens-barrel 56A, and active mold 
division lens-barrel 55A in the direction of an optical axis with a bolt 
(un-illustrating) sequentially from a reticle side in the location of three or more 
places, respectively, and is constituted. And the flange of the division lens-barrel 
51 of an upper bed is fixed to the top face around [ which was established in the 
support plate 11 ] opening through a non-illustrated bolt, and the lens L21 is 
supported through the frame device 53 established in the division lens-barrel 51 
at the lens frame 52 and three places. 

[0098] In this case, respectively two active mold division lens-barrels 55A and 
55B contain the lens frames 52A and 52B, three splices 19, and the three 
vertical direction driver elements 20, and are constituted to an outer case 54, a 
lens is held through the frame device 53, respectively in lens frame 52A and 52B, 
and the lens is held through the frame device 53 in the upper part of the vertical 
direction driver element 20. And active mold division lens-barrel 55A holds lens 
L2A and L29 by the quiescent state, and holds them in the condition that control 
of the variation rate of three degrees of freedom can do a lens L28, and active 
mold division lens-barrel 55B holds lenses L25 and L24 by the quiescent state, 



and holds them in the condition that control of the variation rate of three degrees 
of freedom can do a lens L23. Moreover, division lens-barrel 56A supports two 
lenses L27 and L26 by the quiescent state, and active mold division lens-barrel 
56B is supported in three splices 19, the vertical direction driver element 20, and 
the condition that control of the variation rate of three degrees of freedom can do 
a lens L22 through a frame device. 

[0099] Drawing 9 (b) is some bottom views showing the projection optical system 
of drawing 9 (a), and as shown in this drawing 9 (b), the frame device 53 
consists of a rod member and two attachment components which support the 
both ends of this rod member in the pivotable condition, and it is in the condition 
to which the location of the lens for support arrived at the target position, and it is 
constituted so that that attachment component and its rod member may be fixed. 
It can flow by supporting a lens through this frame device 53, without purge gas 
piling up the interior of a projection optical system. 

[0100] Return and 1st barrel 5B sequentially from a reticle side to drawing 9 (a) 
Active mold division lens-barrel 57B, While connecting division lens-barrel 56E 
and the active mold division lens-barrels 56D and 57A in the direction of an 
optical axis with a bolt (un-illustrating) in the location of three or more places, 



respectively and being constituted, active mold division lens-barrel 57A of the 
bottom is being fixed to the top face of the division lens-barrel 51 of 2nd barrel 
6B through the non-illustrated bolt. And division lens-barrel 56C is installed in the 
interior of active mold division lens-barrel 57 A through three splices 19 and the 
vertical direction driver element 20, and the reflecting mirror which has a 
reflector M1 through a lens frame and the frame device 53 in division lens-barrel 
56C, and the lens L14 are supported. The lens L14 and the reflecting mirror with 
a reflector M1 are supported by this in the condition that the variation rate of 
three degrees of freedom is made within active mold division lens-barrel 57A. 
[0101] Moreover, inside active mold division lens-barrel 56D, the lens frame 52 
is held through the eccentric direction driver element 17, and the reflecting mirror 
which has a reflector M2 on the lens frame 52 in three splices, the vertical 
direction driver element 20, and the condition that the variation rate of five 
degrees of freedom is made through a frame device is supported. Furthermore, 
while a lens L13 is supported by the quiescent state through a frame device in 
division lens-barrel 56E and a lens L11 is supported through lens frame 52C and 
a frame device inside active mold division lens-barrel 57B of the maximum upper 
case, the lens L12 is supported in three splices and the condition that the 



variation rate of three degrees of freedom is made through the vertical direction 
driver element. 

[0102] And actuation of the vertical direction driver element 20 of all of drawing 9 
(a) and the eccentric direction driver element 17 is also controlled by the image 
formation property control system 27 of drawing 3 , and the same image 
formation property control system. Consequently, also in this example, while 
being able to drive easily into a design value the physical relationship of two 
reflecting mirrors which have reflectors M1 and M2 at the time of rigging of a 
projection optical system, the residual aberration after assembling Barrels 5B 
and 6B can be reduced. Furthermore, an image formation property can be 
amended in an exposure process if needed. 

[0103] Moreover, in this example, argon gas (Ar) is used as purge gas. The 
purge gas supplied in 1st barrel 5B through the feed pipe with bulb V5 from 
active mold division lens-barrel 57B of the maximum upper case The purge gas 
which passed through between the frame devices 53 which support each lens or 
each reflecting mirror, resulted in 2nd barrel 6B, and flowed in 2nd barrel 6A 
flows to the sealed cabin (wafer stage room) where it passes through between 
the frame devices 53 which support each lens, and Wafer W is contained. In this 



case, in case purge gas permutes the gas inside a projection optical system, 
permuting quickly is possible, since there is no obstruction between each frame 
device 53, without producing residual (stagnation) gas. Furthermore, 
lightweight-izing of a reflecting mirror attachment component is also possible by 
using the frame device 53. 

[0104] Furthermore, in order to raise the airtightness of Barrels 5B and 6B, 
among the division lens-barrels 57B, --, 55A, the O ring (un-illustrating) is infixed, 
respectively. Furthermore, coat member 9B of the shape of bellows which is 
elastic as an example is prepared so that the side face of the lens L1 1 of the 
maximum upper case of 1st barrel 5B may be covered, and the purge gas inside 
a projection optical system is maintained by the high grade. 
[0105] The page [ 6th ] aspheric surface is included in the projection optical 
system of this example as mentioned above. Therefore, there are more nine 
block structures (the division lens-barrels 57B, 56E, and 56D, -, 56A, 55A) than 
the aspheric surface in the lens-barrel device. Moreover, while the variation rate 
of three degrees of freedom is possible for two reflecting mirrors with reflectors 
Ml and M2 respectively, a relative shift in a field vertical to an optical axis AX is 
possible for them. 



[0106] With reference to drawing 10 - drawing 12 , it explains per projection 
optical system of [the gestalt of the 4th operation], next the gestalt of operation of 
the 4th of this invention. This example is F2 as an exposure light. While using 
laser (wavelength of 157nm), this invention is applied to the projection optical 
system of the reflective refraction mold using the reflecting mirror of the inside 
parting mold of two by which the hole was formed in the core, respectively, in 
drawing 10 - drawing 12 , the sign of the same or resemblance is given to the 
part corresponding to drawing 2 - drawing 9 , and the detail explanation is 
omitted. 

[0107] Drawing 10 is the lens block diagram of the projection optical system of 
the reflective refraction mold of this example, and is set to this drawing 10 . The 
projection optical system of this example The 1st image formation optical system 
G1 of the refraction mold for forming the 1st medium image of the pattern of the 
reticle R in the body side 1 (the 1st page), It has the 3rd image formation optical 
system G2 of the refraction mold which forms the last image of a reticle pattern 
based on the light from the 2nd image formation optical system G2 and its 2nd 
medium image of the reflective refraction mold which forms the 2nd medium 
image from the light from the 1st medium image on the front face of the wafer W 



in the image surface 4 (the 2nd page). And the image formation optical system 
G1 and G2 and G3 are held by 1st barrel 5C, 2nd barrel 6C, and 3rd barrel 5D, 
respectively. 

[0108] although the projection optical system of this example is also a straight 
cylinder mold » an overall length - long (the example of a configuration of 
drawing 10 about 1450mm) — an oscillation — propagation ~ being easy — a 
sake — an oscillation — in order to suppress effect, three barrels 5C, 6C, and 5D 
are independently installed to the support plate of a projection aligner, 
respectively (refer to drawing 11 ). On the other hand, since this oscillation will 
get across also to barrel 5C if a configuration in which barrel 5C is temporarily 
carried in barrel 6C is adopted, and barrel 6C vibrates, it will not be desirable. 
[0109] First, the lens L11 of the meniscus configuration where the 1st image 
formation optical system G1 turned the aspheric surface ASP 1 of concave to 
reticle sequentially from Reticle R side, The lens L12 of the meniscus 
configuration where the concave surface was turned to reticle, and the lens L13 
of the meniscus configuration where the aspheric surface ASP 2 of concave was 
turned to the wafer, The lens L14 of the meniscus configuration where the 
convex was turned to reticle, and the lens L15 of the meniscus configuration 



where the aspheric surface ASP 3 of concave was turned to the wafer, The lens 
L16 of the meniscus configuration where the convex was turned to reticle, and 
two lenses L17 and L18 of both the convex configuration, It has lens L1C of both 
the convex configuration which turned the aspheric surface ASP 5 of a convex to 
two lens L1A, L1B, and the wafers of the lens L19 of the meniscus configuration 
where the aspheric surface ASP 4 of concave was turned to reticle, and the 
meniscus configuration where the convex was turned to reticle. 
[0110] Next, the 2nd image formation optical system G2 has the 1st reflecting 
mirror M1 which turned the concave surface to the wafer in accordance with the 
optical axis AX sequentially from Reticle R side, the lens L21 of the meniscus 
configuration where the aspheric surface ASP 6 of concave was turned to the 
wafer, the lens L22 of the meniscus configuration where the aspheric surface 
ASP 7 of concave was turned to reticle, and the 2nd reflecting mirror M2 that 
turned the concave surface to reticle. In this example, since the 1st medium 
image and the 2nd medium image are formed in the field near the optical-axis 
AX of reflecting mirrors M1 and M2, respectively, the through hole 
(un-illustrating) for passing exposure light (illumination light) is formed in the field 
near the optical-axis AX of reflecting mirrors M1 and M2. In this case, the shield 



factor to all the image formation flux of lights of that through hole (covered 
section) is 19.5% in NA ratio, and there is little effect which it has on the image 
formation engine performance. 

[0111] The lens L31 of the meniscus configuration where 3rd image formation 
optical-system G3, on the other hand, turned the aspheric surface ASP 8 of 
concave to reticle sequentially from Reticle R side, The lens L32 of both the 
concave configuration, and the lens L33 of the meniscus configuration where the 
aspheric surface ASP 9 of concave was turned to reticle, The lens L34 of the 
meniscus configuration where the concave surface was turned to reticle, and the 
lens L35 of both the concave configuration, The lens L36 of the meniscus 
configuration where the aspheric surface ASP 10 of concave was turned to the 
wafer, The lens L37 of the meniscus configuration where the convex was turned 
to reticle, and the lens L38 of the meniscus configuration where the aspheric 
surface ASP 1 1 of concave was turned to the wafer, The lens L39 of the 
meniscus configuration where the convex was turned to reticle, and lens L3A of 
both the concave configuration which turned the aspheric surface ASP 12 of 
concave to reticle, It has lens L3B of a meniscus configuration which turned the 
convex to reticle, and aperture-diaphragm AS is arranged between the lens L36 



and the lens L37. 

[01 12] And all the optical element components that the projection optical system 
of this example has are arranged on the optical axis AX of the shape of a single 
straight line, and are flat surfaces where the body side 1 and the image surface 4 
are almost parallel to mutual. Moreover, the diameter of reflecting mirrors Ml 
and M2 is about 260mm or less, and since the effective diameter of the two 
greatest lenses L21 and L22 is about 246mm or less in the other lens and the 
effective diameter of other [ the great portion of ] lenses is about 183mm or less, 
the projection optical system of this example is designed by the compact. 
[01 13] All the dioptrics members (lens component) that constitute the projection 
optical system of drawing 10 are using fluorite (CaF2 crystal). F2 which is 
exposure light The refractive index of the fluorite to the main wavelength of 
157.6nm of laser is 1.5600000. Furthermore, the configuration of the aspheric 
surface used by the projection optical system of this example is also expressed 
with (1) type. However, in this example, all of the aspheric surface coefficient E 
in (1) type and the value of F are 0. The following table 4 and table 5 are made 
equivalent to a table 1, and the value of the item of the projection optical system 
of this example is hung up. 



[0114] 

«table 4» 

(Major characteristics) 

lambda= 157.6nm (main wavelength) 

beta= 0.2500 NA=0.75 Spacing from a reticle side to the 1st page = 
50.912830mm Field number r d Optical material 1 (ASP1)-3000.00000 
20.777380 CaF2 2 - 187.15560 92.403460 3 - 558.99669 25.971725 CaF2 4 - 
210.93675 15.861605 5 263.61227 25.971725 CaF2 6 (ASP2) 1257.90730 
13.3795067 150.00000 29.526565 CaF2 8 94.28503 30.499818 9 420.59234 
20.800000 CaF2 10 (ASP3) 141.55197 13.169057 11 522.48173 20.722934 
CaF2 12 155.53167 6.108278 13 1055. 46476 17.359120 CaF2 14 -130.14083 
22.492621 15 671.87155 21.568896 CaF2 16 -160.00000 37.130352 17 (ASP4) 
-225.56184 20.677950 CaF2 18 - 101.07298 14.929386 19 
156.6082920.000000CaF2 20 241.096853.949536 21 191.75976 20.777380 
CaF2 22 480.17990 3.469721 23 127.28576 33.411885 CaF2 24 
(ASP5)-1 587.54253 29.129562 25 238.26996 35.886388 Virtual side (M1) 26 
376.45128 25.609160 CaF2 27 (ASP6) 150.58157 97.992889 28 (ASP7) 
-194.22167 25.609160 CaF2 29-1120.36909 31.786896 30 - 246.29797 



-31 .786896 (M2) 31 - 1 120.36909 -25.609160 CaF2 32 (ASP7) 
-194.22167-97.992889 33 (ASP6) 150.58157-25.609160 CaF2 34 376.45128 
-35.886388 35 238.26996 35.886388 (M1) 36 376.45128 25.609160 CaF2 37 
(ASP6) 150.58157 97.992889 38 (ASP7) -194.22167 25.609160 CaF2 39 - 
1120.36909 31.786896 40 - 246.2979731.010448 virtual side (M2) 41 
(ASP8)-3000.00000 43.702739 CaF2 42 - 126.02993 5.8321 16 43 - 506.82326 
18.699642 CaF2 44 619.13207 26.763769 45 (ASP9)-1 377.00220 44.048046 
CaF2 46- 126.12121 5.581666 47-3000.00000 31.166070 CaF2 48 - 
211.50805101.102525 49 -404.56272 18.699642 CaF2 50 3000. 00000 
18.000000 51321.09183 25.000000 CaF2 52 (ASP 10) 3000.00000 31.200000 
53infinity 32.963838 AS 54 179.4904530.535668 CaF2 55 3000. 00000 
42.026705 56 228.90738 20.198128 CaF2 57 (ASP11) 3000.00000 1.123733 
58 100.73952 33.183232 CaF2 59 1 100. 00000 6.9641 16 60 
(ASP12)-2754.43020 15.000000 CaF2 61 493.21390 6.00919562 164.38322 
40.068312 CaF2 63 2793.72651 13.234625 [0115] 
«table 5» 
(Aspheric surface data) 

ASP1 ASP2 ASP3kappa= 0.000000 kappa= 0.000000 kappa= 



O.OOOOOOA=-0.414199x10-7 A=-0. 355346x1 0-7 A=-0. 1 37576x1 0-6B= 
0.101382x10-11 B= 0.293775x10-11 B=-0.430519x10-10C=-0.507220x10-17 
C= 0.514678x10-17 C= 0.994337x1 0-14D= 0.410909x10-20 D= 
0.170581x10-19 D=-0.468002x10-17 ASP4ASP5 ASP6kappa= 0.000000 
kappa= 0.000000 kappa= 0.000000A=-0. 144554x1 0-6 A= 0.223492x10-6 
A=-0.161976x10-7B= 0.106034x10-10 B= 0.383833x10-11 B=-0.584652x10-12 
C=-0.946352x10-15 C=-0.194220x10-14 C=-0. 193271x1 0-1 6 D= 
0.959437x10-20 D= 0.106429x10-17 D=-0.650552x10-21 ASP7 ASP8 
ASP9kappa= 0.000000 kappa= 0.000000 kappa= 0.000000A= 
0.1 32322x1 0-7A=-0.241 471 x1 0-6 A=-0.502983x1 0-7B= 0.673254x1 0-12 
B=-0. 189700x1 0-10 B= 0.363010x10-1 1C= 0.256289x10-16 C= 
0.150133x10-14 C=-0.1 33698x1 0-1 6D= 0.413237x10-21 D=-0.600549x10-18 
D=-0.278297x10-20 ASP10 ASP11 ASP12kappa= 0.000000 kappa= 0.000000 
kappa= 0.000000A= 0.262291x10-7 A= 0.118587x10-7 A=-0.1 8201 7x1 0-7B= 
0.174496x10-11 B=-0.220599x10-11 B=-0.884609x10-1 1 C= 0.726166x10-16 
C= 0.904169x10-16 C= 0.715263x10-15 D=-0. 125632x1 0-20 
D=-0.81 4939x1 0-20 D=-0. 161 609x1 0-1 9[01 16] The projection optical system of 
the reflective refraction mold of this example is F2. While chromatic aberration is 



amended by the wavelength width of face of 1pm extent to the main wavelength 
of laser, spherical aberration, comatic aberration, astigmatism, distortion 
aberration, etc. are amended good, and it has the outstanding image formation 
engine performance. Next, it explains per configuration of the lens-barrel at the 
time of applying the projection optical system of drawing 10 to a projection 
aligner. 

[01 17] Drawing 1 1 is the sectional view showing the important section at the time 
of carrying the projection optical system of drawing 10 in a projection aligner, 
and is set to this drawing 1 1 . It is held by 1st barrel 5C (lens-barrel unit) whose 
1st image formation optical system G1 which consists of a lens L1 1 - LI C is the 
aggregate of two or more division lens-barrels (maintenance block). It is held by 
2nd barrel 6C whose 2nd image formation optical system G2 which consists of 
reflecting mirrors M1 and M2 and lenses L21 and L22 is the aggregate of two or 
more division lens-barrels. The 3rd image formation optical system G2 which 
consists of a lens L31 - L3B is held by 3rd barrel 5D which is the aggregate of 
two or more division lens-barrels. 1st barrel 5C and 2nd barrel 6C are attached 
in the top face of the support plate 1 1 of a projection aligner free [ attachment 
and detachment ] mutually-independent, and 3rd barrel 5D is attached free 



[ attachment and detachment ] in the form hung on the base around opening of 
the support plate 1 1 . 

[0118] First, 3rd barrel 5D connects active mold division lens-barrel 67E, the 
division lens-barrels 67D and 67C, active mold division lens-barrel 67A, and 
division lens-barrel 67B in the direction of an optical axis with a bolt 
(un-illustrating) sequentially from a reticle side fundamentally in the location of 
three or more places, respectively, and is constituted. And active mold division 
lens-barrel 67A of a center section is supported by ring-like supporter material 
35B through the eccentric direction driver element 17, and it is connected so that 
supporter material 35B may be hung on the base of a support plate 1 1 through 
the three vertical direction driver elements 14 and a splice 19. 
[0119] Moreover, division lens-barrel 67B of the bottom holds lens L3A of two 
sheets, and L3B by the quiescent state through the lens frame 68, respectively, 
and active mold division lens-barrel 67A on it is held in the condition that control 
of the variation rate of three degrees of freedom can do a lens L38 through three 
splices, the vertical direction driver element 20, and the lens frame 69 while it 
holds a lens L39 by the quiescent state. Two division lens-barrels 67C and 67D 
on it hold two lenses L35 and L36 and two lenses L33 and L34 by the quiescent 



state, respectively, and they hold active mold division lens-barrel 67E of the 
maximum upper case in three splices and the condition that control of the 
variation rate of three degrees of freedom can do a lens L31 through the vertical 
direction driver element 20 while it holds a lens L32 by the quiescent state. 
[0120] Next, 2nd barrel 6C connects the active mold division lens-barrels 64A 
and 64B in the direction of an optical axis with a bolt (un-illustrating) sequentially 
from a reticle side fundamentally in the location of three or more places, and is 
constituted. And upside active mold division lens-barrel 64A is supported by 
ring-like supporter material 35A through the eccentric direction driver element 17, 
and supporter material 35A is connected with the upper bed of supporter 
material 34A of three reverse the molds of V characters of the top face of a 
support plate 1 1 through the three vertical direction driver elements 15 and a 
splice. 

[0121] In this case, active mold division lens-barrel 64A holds active mold 
division lens-barrel 65A in the condition that displacement control of three 
degrees of freedom can be performed through a splice and the vertical direction 
driver element 20, and active mold division lens-barrel 65A holds a reflecting 
mirror M1 by the quiescent state through the lens frame 66 while holding it in the 



condition that the displacement control of three degrees of freedom can do a 
lens L21 through a splice, the vertical direction driver element 20, and a lens 
frame. Furthermore, active mold division lens-barrel 64B holds division 
lens-barrel 65B through the eccentric direction driver element 17, and division 
lens-barrel 65B holds a lens L22 and a reflecting mirror M2 by the quiescent 
state through a lens frame, respectively. Consequently, the reflecting mirrors M1 
and M2 of two sheets are held free [ a relative displacement ] in the optical-axis 
AX direction and the tilt angle direction around biaxial free [ relative 
displacement to the 2-way which intersects perpendicularly in a field vertical to 
an optical axis AX ]. 

[0122] Next, 1st barrel 5C connects active mold division lens-barrel 63E, division 
lens-barrel 63D, active mold division lens-barrel 63C, two division lens-barrels 
63B and 61 , and active mold division lens-barrel 63A in the direction of an optical 
axis with a bolt (un-illustrating) sequentially from a reticle side fundamentally in 
the location of three or more places, respectively, and is constituted. And the 
flange of the division lens-barrel 61 of a center section is supported by ring-like 
supporter material 35C through the eccentric direction driver element 17, and 
supporter material 35C is connected with the upper bed of supporter material 



34C of three reverse the molds of V characters of the top face of a support plate 
1 1 through the three vertical direction driver elements 15 and a splice. In this 
case, supporter material 34C is being fixed to the outside of supporter material 
34A for 2nd barrel 6C on the support plate 11. 

[0123] And while active mold division lens-barrel 63A of the bottom holds lens 
L1 B and L1C of two sheets by the quiescent state through a lens frame, 
respectively It holds in the condition that the displacement control of three 
degrees of freedom can do lens L1 A through the vertical direction driver element 
20. The division lens-barrel 61 on it Holding three lenses L17-L19 by the 
quiescent state through a lens frame, division lens-barrel 63B on it holds two 
lenses L15 and L16 by the quiescent state through a lens frame. Furthermore, 
while holding the active mold division lens-barrel 63C in the condition that the 
displacement control of three degrees of freedom can do a lens L14 through 
three splices, the vertical direction driver element 20, and a lens frame A lens 
L13 is held by the quiescent state, division lens-barrel 63D on it holds a lens L12 
by the quiescent state, and active mold division lens-barrel 63E of the maximum 
upper case is held in the condition that the displacement control of three degrees 
of freedom can do a lens L11 through three splices 19, the vertical direction 



driver element 20, and a lens frame. 

[0124] Thus, three barrels 5C, 6C, and 5D holding the projection optical system 
of this example are supported in the condition that the displacement control of 
three degrees of freedom can do five lenses except 2nd barrel 6C while they is 
supported in the condition that displacement control of five degrees of freedom 
can be performed to a support plate 1 1 , respectively. Actuation of the vertical 
direction driver elements 14, 15, and 20 of all of drawing 1 1 and the eccentric 
direction driver element 17 is also controlled by the image formation property 
control system 27 of drawing 3 , and the same image formation property control 
system. Consequently, also in this example, while being able to drive easily the 
physical relationship of reflecting mirrors M1 and M2 into a design value at the 
time of rigging of a projection optical system, the residual aberration after 
assembling Barrels 5C, 6C, and 5D can be reduced. Furthermore, an image 
formation property can be amended in an exposure process if needed. 
[0125] Moreover, the purge gas which argon gas (Ar) is supplied to the interior of 
the projection optical system of this example as purge gas, and was supplied in 
1st barrel 5C through the feed pipe with bulb V5 from active mold division 
lens-barrel 63E of the maximum upper case passes opening (un-illustrating) of 



the lens frame which supports each lens or each reflecting mirror, and results in 
2nd barrel 6C. Drawing 12 is the top view which looked at 2nd barrel 6C of the 
projection optical system of drawing 1 1 along with CC line, and as shown in this 
drawing 12 , much opening 66a is formed in the lens frame 66 holding a 
reflecting mirror M1 by the equiangular distance. 

[0126] Much openings are formed also in the lens frame which holds return, 
other lenses (except for the lens L1 1 of the maximum upper case), and a 
reflecting mirror M2 to drawing 1 1 , respectively. Consequently, the purge gas 
which flowed the inside of 2nd barrel 6C passes through the inside of 3rd barrel 
5D, and flows to the sealed cabin (wafer stage room) where Wafer W is 
contained. Thus, it can flow by using the lens frame 66 grade which has much 
openings, without purge gas piling up the interior of a projection optical system. 
Furthermore, lightweight-izing of a reflecting mirror attachment component is 
also possible by using the lens frame 66. 

[0127] Furthermore, in order to raise the airtightness between Barrels 5C and 6C 
and 5D, between barrel 5C and barrel 6C and between barrel 6C and barrel 5D, 
the coat members 9C and 9D of the shape of bellows which is elastic as an 
example, respectively are formed, and the purge gas inside a projection optical 



system is maintained by the high grade. Moreover, in drawing 1 1 , when it 
inclines, respectively, as for each barrels 5C, 6C, and 5D, it is desirable that 
horizontal gap of an image holds in the location which is the hardest to generate, 
for this reason - being alike — the point that that barrel divides interiorly between 
the k-th page and ** (k+1) sides by 1 :beta in accordance with an optical axis AX 
like the gestalt of the 2nd operation when the scale factor of the image which the 
k-th barrel (k= 1 , 2, -) forms is -betak (betak> 0) - a passage -- a flat surface 
vertical to that optical axis AX - what is necessary is just to hold in near Even if 
the count of this explanation in which a medium image is formed on the way 
increases, it does not change at all in essence. 

[0128] In this example, the medium image is formed in the location of 626mm 
and 830mm from the location of the pattern side of Reticle R as an example at 
the wafer side, respectively. Moreover, it is -0.35 times, -0.99 times, and -0.72 
times the image formation scale factor in that case of this, respectively in the 1st 
image formation optical system G1 (1st barrel 5C), the 2nd image formation 
optical system G2 (2nd barrel 6C), and 3rd image formation optical-system G3 
(3rd barrel 5D). Moreover, it is -0.25 times the scale factor of the whole 
projection optical system of this. Therefore, as for the maintenance location of 



1st barrel 5C, 2nd barrel 6C, and 3rd barrel 5D, it is desirablie respectively that it 
is in the location of 464mm, 729mm, and 1190mm from the pattern side of 
Reticle R. Moreover, as for the core of the support plate 1 1 which supports the 
whole projection optical system, it is desirable that it is in the location (that is, 
location of the pattern of Reticle R to 1 160mm) which divides the object point 
and the image point interiorly by 1:0.25. 

[0129] Moreover, as for the projection optical system of this example, page 
[ 12th ] aspheric surface processing is performed. Therefore, three barrels 5C, 
6C, and 5D are divided into more 13 blocks than 12 pieces. In addition, in the 
gestalt of each above-mentioned operation, if there are two or more aspheric 
surfaces included in each blocks (for example, active mold division lens-barrels 
22A-22E of drawing 3 etc.), when the aspheric surfaces are carrying out 
eccentricity greatly, it is difficult to amend the high order eccentric aberration by 
the aspheric surface generated with the block. Therefore, as for the aspheric 
surface included in one block, it is desirable that it is the 1st [ or less ] page. All 
the gestalten of each above-mentioned operation fulfill this condition. 
[0130] With reference to drawing 13 - drawing 15 , it explains per projection 
optical system of [the gestalt of the 5th operation], next the gestalt of operation of 



the 5th of this invention. This example is F2 as an exposure light. While using 
laser (wavelength of 157nm), this invention is applied to the projection optical 
system of the reflective refraction mold which has two optical-path bending 
mirrors, in drawing 13 - drawing 15 , the sign of the same or resemblance is 
given to the part corresponding to drawing 2 - drawing 12 , and the detail 
explanation is omitted. 

[01 31] Drawing 1 3 is the lens block diagram of the projection optical system of 
the reflective refraction mold of this example, and is set to this drawing 13 . The 
projection optical system of this example The 1st image formation optical system 
G1 of the refraction mold for forming the 1st medium image of the pattern of the 
reticle R in the body side 1 (the 1st page), It has the 3rd image formation optical 
system G2 of the refraction mold which forms the last image of a reticle pattern 
based on the light from the 2nd image formation optical system G2 and its 2nd 
medium image of the reflective refraction mold which forms the 2nd medium 
image from the light from the 1st medium image on the front face of the wafer W 
in the image surface 4 (the 2nd page). 

[0132] Near the formation location of the 1st medium image which the 1st image 
formation optical system G1 forms, the 1st optical-path bending mirror AM is 



arranged. The 1st optical-path bendjng mirror AM deflects the flux of light which 
faces to the 1st medium image, or the flux of light from the 1st medium image 
toward the 2nd image formation optical system G2. The 2nd image formation 
optical system G2 has the negative lens group G4 which consists of lieberkuhn 
CM and at least one lens, and forms the 2nd medium image (being the image of 
the 1st medium image secondary image of a reticle pattern) of actual size near 
the formation location of the 1st medium image mostly with the 1st medium 
image based on the flux of light from the 1st medium image. 
[01 33] Near the formation location of the 2nd medium image which the 2nd 
image formation optical system G2 forms, the 2nd optical-path bending mirror 
BM is arranged. The 2nd optical-path bending mirror BM deflects the flux of light 
which faces to the 2nd medium image, or the flux of light from the 2nd medium 
image toward 3rd image formation optical-system G3 of a refraction mold. Here, 
the reflector of the 1st optical-path bending mirror AM and the reflector of the 
2nd optical-path bending mirror BM are positioned so that it may not overlap 
spatially. 3rd image formation optical-system G3 forms the cutback image (being 
the image of the 2nd medium image the last image of cata-dioptric system) of 
the pattern of Reticle R based on the flux of light from the 2nd medium image on 



the wafer W as a photosensitive substrate arranged at the 2nd page parallel to 
the 1st page. 

[0134] such image formation optical system G1 and G2 and G3 are shown in 
drawing 14 - as - respectively -- the 1barrel5E, 2nd barrel 6D, and the 3rd - it is 
held by barrel 5F. Although the projection optical system of this example is 
carried out the shaft which has two opticals axis outside and it is a mold, unlike 
the above-mentioned operation gestalt, three barrels 5E, 6D, and 5F are 
installed in one. After setting up a projection optical system is finished saying 
"install in one", the condition of being fixed mutually can be pointed out, and at 
the time of setting up, those locations and spacing can change mutually three 
barrels 5E, 6D, and 5F. [ which is said here ] 

[0135] The chromatic aberration produced in the 1st image formation optical 
system G1 and 3rd image formation optical-system G3 which are the dioptric 
system containing two or more lenses, and the PETTSU bar sum of a positive 
value are compensated with this example by the lieberkuhn CM of the 2nd 
image formation optical system G2. Moreover, the 2nd image formation optical 
system G2 becomes possible [ forming the 2nd medium image near the 1st 
medium image ] by the configuration which has the image formation scale factor 



of actual size mostly. In this example, by performing optical-path separation 
[ near these two medium images ], it can carry out the distance from the optical 
axis of an exposure field (namely, effective exposure field), i.e., a shaft, outside, 
and an amount can be set up small. This not only becomes advantageous in 
respect of aberration amendment, but becomes advantageous also in respect of 
the miniaturization of optical system, optical adjustment, a machine design, a 
manufacturing cost, etc. 

[0136] The 2nd image formation optical system G2 pays alone compensation of 
the chromatic aberration produced in the 1st image formation optical system G1 
and 3rd image formation optical-system G3, and the PETTSU bar sum of a 
positive value. For this reason, it is necessary to both set up greatly the power of 
the Neberkuhn CM which constitutes the 2nd image formation optical system G2, 
and the negative lens group G4. If the symmetric property of the 2nd image 
formation optical system G2 collapses, the yield of unsymmetrical chromatic 
aberration like the chromatic aberration of magnification or color comatic 
aberration will become large, and it will become impossible therefore, to acquire 
sufficient resolution. So, in this example, by adopting the configuration which can 
set mostly the image formation scale factor of the 2nd image formation optical 



system G2 as actual size, and can arrange Lieberkuhn CM near the pupil posion, 
good symmetric property was secured and it has succeeded in preventing 
generating of above-mentioned unsymmetrical chromatic aberration. 
[0137] Moreover, in this example, although the optical-path bending mirrors AM 
and BM are made to serve a double purpose by one reflecting mirror block FM, 
they may form the optical-path bending mirrors AM and BM from two flat-surface 
mirrors. And in this example, the nodal line of the virtual extension side (virtual 
side which extends a plane reflector to infinity and is acquired) of the reflector of 
the 1st optical-path bending mirror AM, and the virtual extension side of the 
reflector of the 2nd optical-path bending mirror BM is set up so that the optical 
axis AX1 of the 1st image formation optical system G1, the optical axis AX2 of 
the 2nd image formation optical system G2, and the optical axis AX3 of 3rd 
image formation optical-system G3 may be crossed at one point (reference 
point). Since it becomes possible to set up by this configuration so that the 
optical axis AX1 of the 1st image formation optical system G1 and the optical 
axis AX3 of 3rd image formation optical-system G3 may turn into a common 
optical axis and becomes possible to especially position three opticals axis 
AX1-AX3 and two reflectors in relation to one reference point, the increase of 



stability, optical adjustment, and the machine design of optical system become 
easy. Moreover, by setting up so that the optical axis AX1 of the 1st image 
formation optical system G1 and the optical axis AX3 of 3rd image formation 
optical-system G3, and the optical axis AX2 of the 2nd image formation optical 
system G2 may cross at right angles, the optical adjustment with a still higher 
precision becomes easy, and the still higher stability of optical system can be 
attained. 

[0138] Next, the configuration of each image formation optical system G1 and 
G2 and G3 is explained. The negative meniscus lens L1 1 with which the 1st 
image formation optical system G1 turned the concave surface of an aspheric 
surface configuration to the wafer side sequentially from the reticle side, A 
biconvex lens L12, a biconvex lens L13, a biconvex lens L14, and the negative 
meniscus lens L15 that turned the convex to the reticle side, The positive 
meniscus lens L16 which turned the concave surface of an aspheric surface 
configuration to the reticle side, It consists of the positive meniscus lens L17 
which turned the concave surface to the reticle side, a positive meniscus lens 
L18 which turned the concave surface to the reticle side, a biconvex lens L19, 
and a positive meniscus lens L1 10 which turned the convex to the reticle side. 



[0139] Moreover, the 2nd image formation optical system G2 consists of a 
negative meniscus lens L21 which turned the concave surface to the reticle side 
sequentially from the reticle side (namely, incidence side), a negative meniscus 
lens L22 which turned the concave surface of an aspheric surface configuration 
to the reticle side, and lieberkuhn CM along with the progress outward trip of 
light, and the negative lens group G4 consists of two negative meniscus lenses 
L21 and L22. In this case, it can consider that two optical-path bending mirrors 
AM and BM are a part of 2nd image formation optical system G2. 
[0140] Furthermore, the biconvex lens L31 with which 3rd image formation 
optical-system G3 turned the convex of an aspheric surface configuration to the 
reticle side sequentially from the reticle side along the travelling direction of light, 
A biconvex lens L32, a biconvex lens L33, a biconcave lens L34, and the 
positive meniscus lens L35 that turned the convex to the reticle side, 
Aperture-diaphragm AS and the biconvex lens L36 which turned the convex of 
an aspheric surface configuration to the wafer side, It consists of a biconvex lens 
L37, the positive meniscus lens L38 which turned the convex to the reticle side, 
a positive meniscus lens L39 which turned the convex to the reticle side, a 
biconcave lens L310, and a plano-convex lens L311 which turned the flat 



surface to the wafer side. 

[0141] All the dioptrics members (lens component) that constitute the projection 
optical system of drawing 13 are using fluorite (CaF2 crystal). F2 which is 
exposure light The refractive index of the fluorite to the main wavelength of 
157.6nrn of laser is 1 .559238. Furthermore, the configuration of the aspheric 
surface used by the projection optical system of this example is also expressed 
with (1) type. However, in this example, all of the aspheric surface coefficient E 
in (1) type and the value of F are 0. The following table 6 and table 7 are made 
equivalent to a table 1 , and the value of the item of the projection optical system 
of this example is hung up. 
[0142] 
«table 6» 
(Major characteristics) 

lambda= 157.624nm beta=-0.25 NA=0.75 Spacing from a reticle side to the 1st 
page = 129.131 192mm side number r d Optical material 1 8233.14221 
20.000000 CaF2 (lens L1 1 ) 

2 (ASP1) 229.43210 8.9706773 286.74048 31.000034 CaF2 (lens L12) 
4-803.12188 1.0000005 666.75874 33.633015 CaF2 (Lens L13) 



6 -296.74142 1.0000007 180.00000 38.351830 CaF2 (Lens L14) 

8 -2028.08028 13.2622409 201.14945 12.933978 CaF2 (Lens L15) 

10 128.43682 221.62114211 (ASP2)-1 27.65364 20.866949 CaF2 (Lens L16) 

12 -120.00000 1.00000013 -302.13109 23.424817 CaF2 (Lens L17) 

14 -150.00000 1.00000015 -1158.54680 23.049991 CaF2 (Lens L18) 

16 -228.52501 1.00000017 433.60390 22.934308 CaF2 (Lens L19) 

18 -656.20038 1.00000019 188.30389 21.335899 CaF2 (Lens L110) 

20 563.10068 86.00000021 Infinity -273.261089 (1st Optical-Path Bending 

Mirror AM) 

22 114.73897 -12.000000 CaF2 (Lens L21) 

23 453.07648 -16.35580324 (ASP3) 172.15013 -13.328549 CaF2 (Lens L22) 
25 395.88538 -28.22731226 162.85844 28.227312 (Lieberkuhn CM) 

27 395.88538 13.328549 CaF2 (Lens L22) 

28 (ASP3) 172.15013 16.35580329 453.07648 12.000000 CaF2 (lens L21) 
30 114.73897 273.26108931 Infinity -94.835481 (2nd Optical-Path Bending 
Mirror BM) 

32 (ASP4)-774.94652 -26.931959 CaF2 (lens L31) 

33 275.96516 -1.00000034 -376.08486 -31.371246 CaF2 (Lens L32) 



35 388.08658 -1.00000036 -219.25460 -29.195314 CaF2 (Lens L33) 
37 4359.72825 -32.80980238 505.14516-12.000000 CaF2 (Lens L34) 
39 -128.75641 -209.39617240 -180.58054 -24.481519 CaF2 (Lens L35) 
41 -331.81286 -14.33633942 Infinity -30.366910 (Aperture-Diaphragm AS) 
43 -1502.56896 -24.392042 CaF2 (Lens L36) 

44 (ASP5) 933.76923 -1.00000045 -357.34412 -25.686455 CaF2 (lens L37) 
46 2099.98513-1.00000047 -163.08575 -32.557214 CaF2 (Lens L38) 
48 -631.02443 -1.00000049 -124.04732 -35.304921 CaF2 (Lens L39) 
50 -639.72650 -18.53631551 467.75212 -40.196625 CaF2 (Lens L310) 
52 -616.22436 -1 .00000053 -95.47627 -38.068687 CaF2 (Lens L31 1) 
54 Infinity -11.016920 (Wafer Side) 
[0143] 
«table 7» 
(Aspheric surface data) 

(ASP1) (ASP2) kappa= 0.000000 (ASP 3) kappa= 0.000000 kappa=0.000000A= 
0.174882x10-7 A=-0. 130822x1 0-7 A=-0.293460x10-7B=-0.593217x10-12 B= 
0.512133x10-12 B=-0.868472x1 0-1 2C=-0. 194756x1 0-1 6 C= 0.875810x10-16 
C=-0.848590x10-17D= 0.677479x10-21 D= 0.138750x10-19 



D=-0.159330x10-22E=-0.212612x10-25 E=-0.2031 94x1 0-25 E= 
0.868714x10-26F=-0.320584x10-30 F= 0.241236x10-27 F=-0.1 16970x10-29 
(ASP4) kappa= 0.000000 (ASPS) kappa= 0.000000A= 0.253400x10-7 
A=-0. 1 401 05x1 0-7B=-0.505553x1 0-1 2 B=-0.779968x1 0-1 2C= 0.1 51 509x1 0-16 
C=-0. 148693x1 0-1 6D=-0.433597x1 0-21 D= 0.1 00788x1 0-21 E= 
0.841427x10-26 E=-0.251 962x1 0-25F=0.1 65932x1 0-30 F= 0.104216x10-29 
[0144] As mentioned above, F2 whose main wavelength is 157.624nm in the 
projection optical system of the reflective refraction mold of drawing 13 While 
securing the image 0.75 side NA by small lens number of sheets to a laser beam, 
an image circle with a radius of 14.6mm is securable on a wafer. Therefore, 
when the projection optical system of drawing 13 is applied to a projection 
aligner, high resolving of 0.1 micrometers or less can be attained. Moreover, 
when applying the projection optical system of drawing 13 to the projection 
aligner of step - and - scanning method, the exposure field on a wafer can be set 
up 22mmx6.6mm in the shape of a rectangle. 

[0145] Next, it explains per configuration of the lens-barrel at the time of applying 
the projection optical system of drawing 13 to a projection aligner. Drawing 14 is 
the sectional view showing the important section at the time of carrying the 



projection optical system of drawing 13 in a projection aligner, and is set to this 
drawing 14 . The 1st image formation optical system G1 which consists of lenses 
L11-L110 is held in accordance with an optical axis AX1 by 1st barrel 5E 
(lens-barrel unit) which is the aggregate of two or more division lens-barrels 
(maintenance block). The 2nd image formation optical system G2 which consists 
of the optical-path bending mirrors AM and BM (reflecting mirror block FM), 
lenses L21 and L22, and a concave mirror CM is held in accordance with an 
optical axis AX2 by 2nd barrel 6D which is the aggregate of two or more division 
lens-barrels, the 3rd whose 3rd image formation optical system G2 which 
consists of lenses L31-L311 is the aggregate of two or more division lens-barrels 
-- it is held by barrel 5F in accordance with the optical axis AX3. In addition, 
opticals axis AX1 and AX3 are coaxes, and the optical axis AX2 lies at right 
angles to these opticals axis AX1 and AX3. 

[0146] Here, 1st barrel 5E is attached in the top face of 2nd barrel 6D, and 2nd 
barrel 6D is attached in the 3rd barrel top face of five F. and the 3rd - barrel 5F 
are carried in opening of the support plate 1 1 of the body of a projection aligner. 
Next, the configuration of each barrels 5E, 5F, and 6D is explained, first, the 3rd 
- barrel 5F connect two or more division lens-barrels 76A-76C, the active mold 



division lens-barrel 77, and the division lens-barrels 78, 76D, 79, 76E-76J in the 
optical-axis AX3 direction with a bolt (un-illustrating) in the location of three or 
more places, respectively, and are constituted. And the division lens-barrels 
76A-76J have the lens frames 80A-80J which hold lenses L31-L31 1, 
respectively. Here, opening for passing purge gas smoothly like 
above-mentioned drawing 7 and the example of drawing 12 is prepared in the 
lens frames 80A-80I. And to the outer case section 18, the active mold division 
lens-barrel 77 arranges the lens frame 81, and is constituted through the splice 
19 which can rotate freely in the location of three places, and the vertical 
direction driver element 20, and the optical element (lens L34) is held in the lens 
frame 81. 

[0147] Drawing 15 is the perspective view showing the active mold division 
lens-barrel 77, and the vertical direction driver element 20 is attached in three 
places of 120-degree spacing centering on the optical axis AX3 in this drawing 
15 . The variation rate of three degrees of freedom of the direction where the 
lens L34 met the optical axis AX3 to the outer case section 18 of the active mold 
division lens-barrel 77 by actuation of these three vertical direction driver 
elements 20, and the hand of cut centering on two shafts which intersect 



perpendicularly with an optical axis becomes possible. In addition, two or more 
opening 81a for passing purge gas smoothly is prepared in the lens frame 81 . 
[0148] Unlike the above-mentioned operation gestalt, in return and this operation 
gestalt, the lens frames 80A-80J for holding a lens are formed in drawing 14 in 
one with the outer case section (joining segment) which are the division 
lens-barrels 76A-76J. In addition, the outer case section and the lens frames 
80A-80J of these division lens-barrels 76A-76J may be connected with kinematic 
one with an elastic hinge etc. In this case, there is an advantage which does not 
have a possibility that the stress concerning the division lens-barrels 76A-76J 
may get across to lenses L31-L31 1 through the lens frames 80A-80J, and does 
not have a possibility of causing the image formation performance degradation 
by lenses L31-L31 1 carrying out a strain. In addition, the same effectiveness is 
acquired even if it connects with kinematic one the part which a part for a lens 
attaching part and opening in the lens frames 80A-80J are prepared, and is 
connected to the outer case section of the division lens-barrels 80A-80J with an 
elastic hinge etc. 

[0149] moreover, the 3rd - in barrel 5F, a part for the flange for connecting with 
the support plate 1 1 of the body of an aligner is prepared in the division 



lens-barrel 78, and adjustable aperture-diaphragm AS for making numerical 
aperture of a projection optical system adjustable is prepared in the division 
lens-barrel 79. Now, while connecting with 1st barrel 5E on the top face, 2nd 
barrel 6D Division lens-barrel 73A which is an underside, is connected with 
barrel [ 3rd ] five F, and contains the optical-path bending mirrors AM and BM 
(reflecting mirror block FM), The division lens-barrels 73B and 73C which 
contain lenses L21 and L22, and division lens-barrel 73D which contains 
Lieberkuhn CM, It has division lens-barrel 73E used as the purge lid in 2nd 
barrel 6D, and these division lens-barrels 73A-73E are connected with the 
optical-axis AX 2-way with the bolt (un-illustrating) in the location of three or 
more places, respectively. 

[0150] here - division lens-barrel 73A - the 1barrel5E and the 3rd ~ it connects 
with barrel 5F in the optical-axis AX1 (AX3) direction with the bolt (un-illustrating) 
in the location of three or more places, respectively. And division lens-barrel 73A 
has arm 74A, and this arm 74A holds the reflecting mirror block FM through 
attaching part 75A. Moreover, the division lens-barrels 73B and 73C have the 
lens frames 74B and 74C which hold lenses L21 and L22, respectively. Here, 
opening for passing purge gas smoothly like above-mentioned drawing 7 and 



the example of drawing 12 is prepared in the lens frames 74B and 74C. Division 
lens-barrel 74D has lens frame 74D holding a concave mirror CM. 
[0151] 1st barrel 5E sequentially from a reticle side Now, division lens-barrel 70A, 
active mold division lens-barrel 71A, Division lens-barrel 70B, active mold 
division lens-barrel 71 B, division lens-barrel 70C, active mold division lens-barrel 
71 C, division lens-barrel 70D, active mold division lens-barrel 71 D, and the 
division lens-barrels 70E and 70F are connected in the optical-axis AX1 direction 
with a bolt (un-illustrating) in the location of three or more places, respectively, 
and it is constituted. Division lens-barrel 70F are connected in the optical-axis 
AX1 direction with the bolt (un-illustrating) here in division lens-barrel 73A of 2nd 
barrel 6D, and the location of three or more places. 

[0152] Here, the configurations of division lens-barrel 70A differ in that opening 
is not prepared in a lens frame in the above-mentioned division lens-barrels 
76A-76J. Moreover, since the configuration of the division lens-barrels 70B-70F 
is the same as that of the above-mentioned division lens-barrels 76A-76J, 
explanation is omitted here. Moreover, the configuration of the active mold 
division lens-barrels 71A-71D is the same as that of the above-mentioned active 
mold division lens-barrel 77, and is supporting the optical element (lenses L12, 



L14, L16, and L18) in the condition that control of three degrees of freedom of 
optical-axis AX1 direction and the hand of cut about biaxial [ which intersects 
perpendicularly with an optical axis AX1 ] can be performed, respectively. 
[0153] In the example of drawing 14 , the feed pipe with bulb V5 is connected to 
active mold division lens-barrel 71 A of 1st barrel 5E, and the feed pipe with bulb 
V5 is connected to division lens-barrel 73D of 2nd barrel 6D. The purge gas of 
the high grade by which temperature control was carried out is supplied to the 
interior of a projection optical system through these feed pipes. This purge gas 
flows the inside of each barrels 5E and 6D and 5F through opening prepared in 
the lens frame, and is discharged in the exterior of a projection optical system 
from an exhaust pipe with the 3rd barrel 5 bulb V15 connected to division 
lens-barrel 76J of F. 

[0154] Two or more reflective members (FM, CM) are included, and it is 
necessary to adjust the reflective member of another side to one reflective 
member like an above-mentioned operation gestalt in this example. Then, he is 
trying not to include only one reflective member in one maintenance block by this 
example, as the division lens-barrels 73A and 73D show. Then, an example of 
the manufacture procedure of this projection optical system is explained briefly. 



The projection optical system of this example consists of 1st and 3rd image 
formation optical system G1 of a refraction mold, and G3 and the 2nd image 
formation optical system G2 of a reflective refraction mold. It is related with the 
1st and 3rd image formation optical system G1 of a refraction mold, and G3. It 
finishes setting up, performing eccentric adjustment and spacing adjustment of 
each division lens-barrel and each activity mold division lens-barrel like the 
projection optical system of the conventional refraction mold measuring the 1st 
and 3rd image formation optical system G1 and the aberration of G3, and the 1st 
and the 3barrel5E, and 5F are completed. About eccentric adjustment and 
spacing adjustment of such a division lens-barrel, it is indicated by 
JP,2001-56426,A, for example. Moreover, about the 2nd image formation optical 
system G2 of a reflective refraction mold, an autocollimator, an interferometer, 
etc. are used first, it is set as the location of a request of the location of the 
optical-path bending mirrors AM and BM (reflecting mirror block FM) to division 
lens-barrel 73A, subsequently the division lens-barrels 73B-73D are positioned 
to this division lens-barrel 73A, and 2nd barrel 6D is completed. Then, 
connecting each barrels 5E, 6D, and 5F, and measuring the aberration of the 
whole projection optical system, perform eccentric adjustment and spacing 



adjustment of each barrels 5E, 6D, and 5F, and if required while measuring the 
aberration of the whole projection optical system — each activity mold division 
lens-barrel 71 A- positioning of three degrees of freedom of the optical element 
(lenses L12, L14, L16, L18, and L34) to 71D and 77 is performed, and the image 
formation engine performance of a projection optical system is driven in to the 
predetermined engine performance. 

[01 55] Next, the example of a configuration of the projection aligner equipped 
with the projection optical system of the gestalt of the above-mentioned 
operation is explained. Drawing 16 is drawing showing the outline configuration 
of the projection aligner of this example, and XYZ system of coordinates are 
used for it in this drawing 5 . This projection aligner is F2 as the exposure light 
source 101 . A laser light source (or ArF excimer laser) is used, and the 
projection optical system of which reflective refraction mold of the 
above-mentioned gestalt of the 1st - the 4th operation is used as a projection 
optical system PL. In addition, a light source [ the 146nm light source which 
emits the light belonging to a vacuum ultraviolet area with a wavelength of about 
120nm - about 180nm as the exposure light source 101 ], for example, 
oscillation wavelength, krypton dimer laser (Kr2 laser), argon dimer laser (Ar2 



laser) with an oscillation wavelength of 126nm, etc. can be used. Moreover, the 
projection aligner of this example has adopted as one shot field on a wafer step - 
and - scanning method which imprint the pattern image of reticle serially by 
synchronizing and scanning reticle and a wafer in the predetermined direction 
relatively to the lighting field of the predetermined configuration on reticle. 
[0156] In drawing 16 , the pulse laser light (illumination light) as an exposure 
beam from the exposure light source 101 is deflected by the deflection mirror 
103, and is divided into the time amount target with which the optical-path-length 
difference more than the time coherence length (coherence length) of the 
illumination light was given toward the optical-path delay optical system 105 at 
two or more flux of lights. In addition, such optical-path delay optical system is 
indicated by JP, 1 -1 98759,A and JP, 1 1 -1 74365, A. 

[0157] The illumination light injected from the optical-path delay optical system 
105 reaches the 2nd fly eye lens 110 through the 1st fly eye lens 107, a zoom 
lens 108, and the oscillating mirror 109 in order, after being deflected by the 
optical-path deflection mirror 106. The change revolver 111 for the 
illumination-light study system aperture diaphragms for setting the size and the 
configuration of the effective light source as a request is arranged at the injection 



side of the 2nd fly eye lens 110. In this example, in order to reduce the quantity 
of light loss by the illumination-light study system aperture diaphragm, 
magnitude of the flux of light to the 2nd fly eye lens 1 10 by the zoom lens 108 is 
made adjustable. 

[0158] The flux of light injected from opening of an illumination-light study system 
aperture diaphragm illuminates the lighting field diaphragm (reticle blind) 113 
through the condensing lens group 112. In addition, it is indicated about the 
lighting field diaphragm 113 by JP,4-196513,A and the U.S. Pat. No. 5,473,410 
official report corresponding to this. The light from the lighting field diaphragm 
113 is led to up to Reticle R through the lighting field-diaphragm image formation 
optical system (reticle blind image formation system) which consists of a 
deflection mirror 115,118 and a lens group 116,117,119, and the lighting field 
which is the image of opening of the lighting field diaphragm 1 12 is formed on 
Reticle R. The light from the lighting field on Reticle R is led to up to Wafer W 
through a projection optical system PL, and the cutback image of the pattern in 
the lighting field of Reticle R is formed on Wafer W. 

[0159] Now, to make light of the wavelength of a vacuum ultraviolet area into 
exposure light, it is necessary to eliminate the gas (for it to be hereafter called 



"absorptivity gas" suitably) which has a strong absorption property from the 
optical path to light of this wavelength band, such as gas of oxygen, a steam, 
and a hydrocarbon system. Therefore, with this operation gestalt, an 
illumination-light way (optical path in which it results to the exposure light source 
101 - Reticle R), and a projection optical path (optical path in which it results to 
Reticle R - Wafer W) are intercepted from an external ambient atmosphere. It is 
filling with gas, such as nitrogen as specific gas which has the property with little 
absorption of as opposed to the light of a vacuum ultraviolet area for those 
optical paths, helium, an argon, neon, and a krypton, or those mixed gas (it is 
hereafter called "purge gas" suitably). 

[0160] Specifically the optical path from the exposure light source 101 to the 
optical delay optical system 105 was intercepted from the external ambient 
atmosphere by casing 102, the optical path from the optical delay optical system 
105 to the lighting field diaphragm 1 13 was intercepted from the external 
ambient atmosphere by casing 104, lighting field-diaphragm image formation 
optical system was intercepted from the external ambient atmosphere by casing 
1 14,150, and it is filled up with the above-mentioned purge gas in those optical 
paths. Moreover, as the projection optical system PL itself was already 



explained, the lens-barrel serves as casing, and the internal optical path is filled 
up with the above-mentioned purge gas. 

[0161] Casing 120 is intercepting the space between casing 150 and the 
projection optical systems PL which dedicated lighting field-diaphragm image 
formation optical system from the external ambient atmosphere, and has 
contained the reticle stage RS which holds Reticle R to the interior. The door 122 
for carrying in and taking out Reticle R is formed in this casing 120, and the 
inert-gas-replacement room 121 for preventing polluting the ambient 
atmosphere in casing 120 in Reticle R at the time of carrying in and taking out is 
established in the outside of this door 122. The door 123 is formed also in this 
inert-gas-replacement room 121, and delivery of reticle is performed through a 
door 123 between the reticle stackers 124 which are keeping two or more sorts 
of reticles. 

[0162] Casing 126 is intercepting the space between a projection optical system 
PL and Wafer W from the external ambient atmosphere, and has contained the 
surface plate 129 which is laying the autofocus sensor 130 of the oblique 
incidence format for detecting the wafer stage 128, and the surface location 
(focal location) and surface tilt angle of a Z direction as a substrate holding 



Wafer W of Wafer W, the alignment sensor 131 of an off-axis method, and the 
wafer stage 128 in the interior. The door 133 for carrying in and taking out Wafer 
W is formed in this casing 126, and the inert-gas-replacement room 132 for 
preventing polluting the ambient atmosphere of the casing 116 interior is 
established in the outside of this door 133. The door 134 is formed in this 
inert-gas-replacement room 132, and carrying in of the wafer W inside 
equipment and taking out of the wafer W to the equipment exterior are 
performed through this door 134. 

[0163] Here, feed valves V1 , V2, V3, and V6 are formed in each of casing 
104,150,120,126, and these feed valves VI, V2, V3, and V6 are connected to 
the feed-pipe way connected to the gas transfer unit without a graphic display. 
Moreover, exhaust valves V1 1 , V12, V13, and V16 are formed in each of casing 
104,150,120,126, and these exhaust valves V1 1, V12, V13, and V16 are 
connected to the above-mentioned gas transfer unit through the exhaust pipe 
way without a graphic display, respectively. In addition, the specific gas from a 
gas transfer unit is controlled by the non-illustrated temperature regulator by 
predetermined target temperature. Here, when using helium as specific gas, as 
for a temperature regulator, being arranged near each casing is desirable. 



[0164] Similarly, feed valves V4 and V7 and exhaust valves V14 and V17 are 
formed also in the inert-gas-replacement room 121,134, and exhaust valves V14 
and V17 are connected to the above-mentioned gas transfer unit for feed valves 
V4 and V7 through the exhaust pipe way through the feed-pipe way, respectively. 
Furthermore, the feed valve (bulb) V5 and the exhaust valve (bulb) V15 are 
formed also in the lens-barrel of a projection optical system PL if needed, and 
the exhaust valve V15 is connected to the above-mentioned gas transfer unit for 
the feed valve V5 through the exhaust pipe way without a graphic display 
through the feed-pipe way without a graphic display. 
[0165] Next, with reference to drawing 17 , it explains per example of the 
production process of the semiconductor device which used the projection 
aligner of the gestalt of the above-mentioned operation. Drawing 17 shows an 
example of the production process of a semiconductor device, and Wafer W is 
first manufactured from a silicon semi-conductor etc. in this drawing 17 . Then, a 
photoresist is applied on Wafer W (step S10), reticle R1 is loaded on the reticle 
stage of the projection aligner of the gestalt of the above-mentioned operation in 
the following step S12, and the pattern (it expresses with Sign A) of reticle R1 is 
imprinted to all the shot fields SE on Wafer W by the scan exposure method 



(exposure). In addition, Wafers W are wafers (12 inch wafer), such as 
semi-conductors (silicon etc.) with a diameter of 300mm or SOI (silicon on 
insulator), and the width of face of a non-scanning direction of the magnitude of 
the shot field SE is the rectangle field whose width of face of a scanning direction 
is 33mm in 25mm as an example. Next, in step S14, a predetermined pattern is 
formed in each shot field SE of Wafer W by performing development and etching, 
an ion implantation, etc. 

[0166] Next, in step S16, a photoresist is applied on Wafer W, reticle R2 is 
loaded on the reticle stage of the projection aligner of the gestalt of the 
above-mentioned operation in step S18 after that, and the pattern (it expresses 
with Sign B) of reticle R2 is imprinted to each shot field SE on Wafer W by the 
scan exposure method (exposure). And in step S20, a predetermined pattern is 
formed in each shot field of Wafer W by performing the development and etching 
of Wafer W, an ion implantation, etc. 

[0167] Only a count required for the above exposure process - a pattern 
formation process (step S16 - step S20) to manufacture a desired 
semiconductor device is repeated. And semiconductor device SP as a product is 
manufactured by passing through the dicing process (step S22) which separates 



each chip CP on Wafer W one by one, a bonding process, a packaging process, 
etc. (step S24). 

[0168] In addition, although a quartz or fluorite (CaF2 : calcium fluoride) is used 
with the gestalt of each above-mentioned operation as an ingredient of the 
optical member of the refractility which constitutes a projection optical system, it 
is this CaF2. It adds or is CaF2. The quartz with which it replaced with, for 
example, the crystal ingredients and fluorines of a fluoride, such as barium 
fluoride, lithium fluoride, and magnesium fluoride, were doped may be used. 
However, if sufficient narrow-band-izing is possible in the illumination light which 
illuminates a mask, as for a projection optical system, constituting from an 
optical material of a single class is desirable. Furthermore, considering the ease 
of carrying out and manufacturing cost of manufacture of a projection optical 
system, only for a quartz, a projection optical system is CaF2. Being constituted 
is desirable. 

[0169] Moreover, at each above-mentioned example, it is F2 as the light source. 
Although the spectral band width is narrow-band-ized with narrow band-ized 
equipment using laser or ArF excimer laser instead, you may make it use the 
higher harmonic of solid state laser, such as an YAG laser which has an 



oscillation spectrum in 157nm, 193 etc.nm, etc. Moreover, the single wavelength 
laser beam of the infrared region oscillated from DFB semiconductor laser or a 
fiber laser or a visible range may be amplified with the fiber amplifier with which 
the erbium (Er) (or both an erbium and an ytterbium (Yb)) was doped, and the 
higher harmonic which carried out wavelength conversion may be used for 
ultraviolet radiation using a nonlinear optical crystal. 

[0170] Moreover, with each above-mentioned operation gestalt, that by which all 
the optical elements that constitute a projection optical system are arranged in 
accordance with the single optical axis is applied. However, this invention is 
applicable also to the reflective refraction mold projection optical system which 
has a visual field outside a shaft which is not restricted to the projection optical 
system of an above-mentioned main electric shielding mold, for example, is 
indicated in drawing 6 of a U.S. Pat. No. 5,689,377 official report, drawing 6 of a 
U.S. Pat. No. 5,691,802 official report, and drawing 5 of a U.S. Pat. No. 
5,805,334 official report. In this case, it is desirable to hold two optical-path 
deflection mirrors and lieberkuhn in one lens-barrel unit, and to hold refraction 
mold image formation optical system in one or more different lens-barrel units 
from this lens-barrel unit. 



[0171] Moreover, this invention is applicable also to the reflective refraction mold 
projection optical system which has the visual field outside a shaft proposed by 
the application for patent No. (international application number PCT/JP 01 /No. 
01350) 58268 [ 2000 to ]. Also in this case, it is desirable to hold two optical-path 
deflection mirrors and lieberkuhn in one lens-barrel unit, and to hold two 
refraction mold image formation optical system in two or more different 
lens-barrel units from this lens-barrel unit. 

[0172] Also in the reflective refraction mold projection optical system which has a 
visual field outside a shaft, there is an advantage which can obtain the stability of 
an image gap and relief of eccentric tolerance by holding all the reflective 
members in one lens-barrel unit. Furthermore, after this invention imprints one 
shot field blunder SUKUPA turn image on a wafer in package The 
step-and-repeat method (one-shot exposure method) which repeats the process 
which is made to move a wafer two-dimensional serially in the field which 
intersects perpendicularly with the optical axis of a projection optical system, and 
imprints a mask pattern image in package to the next shot field, A mask and a 
wafer are applicable to the both sides of step - which makes the projection scale 
factor beta a velocity ratio, and carries out a synchronous scan, and - scanning 



method (scan exposure method) to a projection optical system at the time of the 
exposure to each shot field of a wafer. In addition, by step - and - scanning 
method, it can expose to the larger shot field on a wafer, without enlarging a 
projection optical system, since a good image formation property should just be 
acquired in a slit-like (shape of long and slender rectangle) exposure field. 
[0173] By the way, in each above-mentioned example, this invention is applied 
to the projection aligner used for manufacture of a semiconductor device, 
however — a semiconductor device — manufacture — using — having — an aligner 

- not only - a liquid crystal display - a component -- a plasma display - etc. - 
containing - a display - manufacture using - having — a device - a pattern -- 
glass - a plate - a top ~ imprinting - an aligner — a thin film — the magnetic 
head - a micro - a machine - etc. - manufacture — using — having - a device - 
a pattern - a ceramic - a wafer - a top - imprinting - an aligner - image 
sensors, such as etc., CCD manufacture - using - having an aligner - etc. 

- this invention -- being applicable . Moreover, this invention is applicable also to 
the aligner which imprints a circuit pattern to a glass substrate or a silicon wafer 
in order to manufacture reticle or a mask. 

[0174] In addition, of course, configurations various in the range which this 



invention is not limited to the gestalt of above-mentioned operation, and does not 

deviate from the summary of this invention can be taken. 

[0175] 

[Effect of the Invention] According to this invention, when the projection optical 
system which consists of reflective refractive media is used, an image shift is 
made into the minimum, it is stabilized and a lens-barrel can be held. 
Furthermore, since the alignment procedure of a projection optical system and 
capacity of a regulating system can also be made high, adjustment is easy and 
can keep uniform the ambient atmosphere in the lens-barrel of a projection 
optical system with purge gas, such as inert gas, if needed. 
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[0 0 0 7] fCt, KWJB«f**«l*-r*3t**?« . 
LT, «»©#fflftire«»T*fc©fc Lfcfcfc, 

[0 0 0 8] Sfc, Wc*ft©«MW»l«T«»-r*C4: 
fc<fc<9, Rft*$M^WfcffiM*SnT^*^Iffltl© 20 

*W£ffl^**&fc«4, iRfg©f8£*«i*.*Efi^tf& 
gT»S5. B)t)tkLT8S2'0 0nmgS«T 

^©^©^te^-^tf^fcarr*^ ^-oats^ 
«»©#««« <fc wftssn-ri^s #p\wm ©^w 

gprw^#x©?ffitUc r,t£#j ^?gf?©R 
1 7'0nm«TOl ARtfF! U— «fft 1 5 7 30 
lis Ry^OH»MOimffl«^<4*fc», ¥fc 

[0 0 0 9] #«fjl3tt»rfr3j£K:*#, 09*.tfK3*JB8r 

[0 0 l 0] Sfc, 09*.tfE*tJSlJr&J:t)*l 
ci:^4©iWi:-r?) 0 

[0 0 1 l] *©S»tt¥5R*1!*.fc* 

[0 0 12] 50 



•1#M 2 0 0 2 - 8 3 7 6 6 
6 

«*3R^i^ ^ft<fct-0©S«fgp« (L 1 1~L2 
4, L2) Rtf«IHB©K»8Bf (Ml, M2) %^Cy 

fc*ie?s**ju mim (i) ©»»©«*« 2 a 

(5, 6) fcfl*., coa»fflo«Wa-«; h*©— 3 
©g|ffpt->yh (6) T*©*R«©R»«tt©£»* 
«}t-ri>t©T:-S§o 

[0 0 13] «f^S*«Wtt\ ^gp*r©tus*^it± 

©ttii^e)-fnfc«'&©iRfi©i64*«x asrwwtcjt 
^t, KS*»0©^*^ti/^i:tc*iLT&$nfct 
©t»fe5o *«wtj:ntf, «»©EW8M*©£a5tf- 
o©a«a.-.y hxfii«psn*rcfe % «»©sstsw*© 

■ffli*ffiHB8«ti«{f-£©«Hlfc««fSti5o *LT, 

g&LTt, cntt*©»!S[a-'y hfcSPfcLT** 
Si:; ffl©B*f8l5«©**fil«p'r'5«W3.-vH©*^ 
gffiLfc©i:We2&$;fci&* £ft©»Ki§©f££S«{g 

[0014] c©«^ %<DW.\mh : t<DW,2mt<Dm 
©M3S o) ctimflw&jgia-rsa^j^iiffs cl 

1 1-L2 4) 

^©^Rfi©ii^--y h*©— 3©aiBf3.--y h 
(5) ~?-fcmcUft?Zci:t>m$.U,\ c©<fc?fc 

tPWM?n§i&, *M«©8i&©ft¥SH*©ii- 

[0 0 15] SfevHMfcbT, *©Jtt**?Wtt 1 * 

©fttt (ax) tcjGoTEB^nSo ccj^fcEisiS! 

©1gafi©Mlti3-- >y h «5^tSfeftlc$«p5 ti* d i: 

[ooi6] gijoiMfcLTv zox&m&mz. 
% i ©3t*iiteie-3tEii*tife!B i (omamm-^ 

tx^-r 573 ifttcEtf fc» 3 ©ytffttc^o TEB^nr 
^©^2 ©.ap»3tt*iKFWi:3tt*wttt««nrca 3 © 

a«»t¥* : Fafi:*fll*fcfe©T?feJ:^. c©«^ - 
0J£LT, *©S 1 ©)feift^ ; ?-©^2©7tffti;liS(?il 
SLTfeD, ^©^3©^^^©^ 1 ©3tt«iKSff¥ 
fTT-feSo Sfc, ^©m2©gl57>7 1 6¥«?mi, ^©« 
a<@©ES*^**©^T%^LTt<fcl/">o 
[0 0 17] *56^©JB2©iiaB)t¥«tt» Si 

E (1) ©1W*:©9f3S«*0«*!B2ffi (4) JitcffM 



(5) 

7 

=f-mtm i mw&it&m u i i ~l z s, l 3 o) 
Rvrnzvum^m?® (mi, M2) zmz., torn 

1 (Dum^m^mzm 1 ftit^oT-ftWfc&ftts 

ingil§ja->y h (5 A) ^ ^©Sg2<DgiJft*S=?S¥ 

tzmzmm^-v h (6 a) t^ii^, ^©iskdiij 
^^^(ciig-rs^i:^^©^^^®^ 1 feme 

2 mm^m^mmt zvn&m&tvrszztDmz 
msncY^xi : 02 tpzteotmvmm x^mt 

m<Di&@(DWlC&-DT%<DWiZMffi3--v hZUWtZ 

[0018] wifr2>*m8ic&tLif, &mm^-v hit 
je^ z<Dm\m.ffi3--v h (5 a) , m}mzm 

(tia--yh (6 A) tffli&LT^ ^ft^ftfti'? htf 20 

[0 0 19] ±l2©#%0£©&£Igft^K*5^ 

a - -y Hi, c«Di«a- >y hlcfcoTfcftSnsffiS 
0^jR704fifl%HB'r%HBWII (l 4, l 5, l 
7, 2 0) **rr*c4:tf3£U\i *om^o)t** 

I4073la]0{4e ({MftDBS) , RI?2*ll©lHlO<D^;l'h 30 
[0 0 2 0] *©a«ffl©*H3.r..y h©'>&< 

£*>-o (5) tt, Iliifnfti-oXtilM©^ 
«?*«JW5l8«)«i»^n7* (2 2 A~2 2 

e) <io«affl©«Sf^ay^tt, 

^^O^iR^fipttaiSIW^SIISEfll* (2 0) * 
fcjFSSU''. $7c, *OH»flioatWa-y 

[0 0 2 1 ] *8W<0lg3©JS»«^lSt4^ lift 

<Dimm (aspi-asps) tfi&mnrzx&tt 
%im<Dtyw<Dimmzw±^Bf&T%®B 

t5a»IS©ffij$/D-y^ (2 2 A~2 2 E, 25A, 

2 5B, 12, 4 6) z<Dmmmuft7av 

[0 0 2 2] *»WOjfl»3t*»0«4«fh:tt. #J#flfi 



W M 2002-83766 
8 

p >y * efflj&lMHMff«ftt*T *$ < c £ o 

[0023] c<D*£, zcoft^m^mtfi. mumvix 

MWm (Ml, M2) *WbT^Sk*fc:, £<D^ft© 
uvt? (IZ, 4 6) Kfi&2ttS££tf9£Ur\i 
tt^T**4iBa6^»ft1-*. *<Dfci&, }gftfi©RI>f 
uy? T>m$ U W*. iin 5. <D&& 7 p >y * £JK$£ 

woffl *HftH*«Hfi"e # s nasui*. « c i: t * o' 

[0 0 2 4] Sfc, *»WO»4 0«IB3tt*lfitt. 316* 
^8¥^WU Hi® (1) OftftO«*S2i (4) 

ftfflt^T^if-r?>?tft{@omti^- > y h (5 A, 6 
— 3oaisa-*y h (6 a) (1 1) fcft 

[0 0 2 5] C ©<fc a (C^fSja - yh^ffiD W^ST 
cO^SK^^t^ -^kLT&M2 0 OnmttTOl 

[0 0 2 6] t©BWc, *ttWa-yb, 
a^rttMflf K«(BW) «««p-r 

^Etttttf*«*8p"rS«J*:7*a >y ^tt, 

[0 0 2 7] ^tC, *«W0£5©JSH&y£¥3&ttx ?Sfi 
2 0 0 nrnJ-XT'D^'OtilT?^ 1 ffi©ftl(*Ofi|!*S2ffi 



(6) 



ttStiT^ cort«OSl»faW*OHBO$l«llc*©%*iS 

mtzrt-vtixzw&rsm'gtzmz.s zoom? 

*****«>©"***. »ffr*S»3t*3RfcJ:ntf, ffl 

[0 0 2 8] CC^ *©.fttt, -0>JfcbTSfil 6 10 
.0nm«TO3t«tf5tOTfe5. Sfcis #fgB£©!g 

£T*Str-©*S«Bt**fc, *o«»Jt**o«lja» 

[0 0 2 9] *fc N #58lfl©SJ&ft¥&©S!iSfia;^ 

5HSfloiIaz.7h (5, 6) t*m*.tt1BBX& 
©BfSo«tt3.-'yh (5, 6) **BWIfigi:LT* 

*©^ft¥*fcbTSEfc^filibT^S£l©i!9ie 30 
ft¥&©*©ffi£©»«:i.--y h©tt«fcH«E*«ft©* 
Mi- >y h ^©H 1 ©«K*fe¥J&©3fc¥«r 
tt*tti»JbS:*^*©l!SEWfe©aW3.-'y h©tH8£ 

■h*»Pi:br*o»2 08aB i ^¥*OifflE*fid»2 
■ 18 k ©-eft*. 
[0 0 3 0] »f^*«»3t**©«St^rfek:J;titf, flJ 
*l^«©iSU&tt¥**tt0JfcS3frt*»fcfc, fflfiSI 40 

»©^7bfc«»«¥»*«efflbT, *©a»«**ffl 

©il1«a- >y >©«aE*Ji«rllBtff 5 CktfTti. $ 

< 4:t— o©ja#fgp»Rt;^&< fc t-o©swaw* 

StWt^Si^i:* c©tt¥*?8*«»fflfc:#ttTiK 
fif^S«»ffi©8lfi|3.-y h ( 5 A, 6 A) t^m^k 
8UBft¥R©JB!»£i£T?*"3T, f-ne>©»M3.-'y h 
©rt©'>&< fcfe— oti, ^©<flc>&< iife HI©)t 
**?*«fofc«t, *©*Wa-y Mc*tTS*§**tt 50 



68 2 0 0 2-8.3 7 6 6 
10 

:«S-T5« 1 flM ( 1 7 , 2 0) *ffig*fc«ft7n 
>y^7 (4 4 A~4 4 E) £llx.Tfc9s ZtOoOtllMz. 
-y h©F*i©/>%< £fc-0 (5 A). bT©# 
HSS!8E-e*SS2«« (15, 17) *fltf.T**K 
*©£2»«*/H^T«S©»fii:i.--y hIiBOWgfciT 

[0 0 3 1] c©«fc5tcil«*fT5iii:-e, 
fr^ /h$^iRM©tSSHgST*^JS-r5<ii:^T*#, K 

©*aw©a»)t*3fi*<i*, ^©tsi^^^bT 

JBlMffc (R) ©/<*->©«*!§ 2 toft (W) 
T, SB^(*©ffifiHS3b^SK:4Di!IJfi3^h*(S« 
[0 0 3 2] 

[fg^©HBs©ms] j^t> *»w©s i <omm<omm 

tOtH2~H4%#ggbT»iW-r«. n^ft 
(HBBt) £bTF 2 b-+P '((fiMftfi 1 5 7 . 6n 

m) tt&m-rztmc, 2^(D%ft%tiym&mmn 

'tt¥£tc#£«3*afflbfcfe©?fc5. 
[0 0 3 3] 0 2 li, *W©'H#tt¥JR©L':/X#ljaBI 
T'&tK d©H2^^T> (Slffi) tcEtt 

235) ±tcms©«:»ffi*p-e^«'?ns. #0>J©&1£ 

^tLXOU*-*^!*©^*— .^ffitfEBStu is®4 
fcti«Wftg«i 'G8ft1£S«0 tbT©^x/NW (Xtt 
*7^7'I/-Fi) ©«BS3»«E««ti*o 
[0 0 3 4] #09©S»ft¥3&l4x- b^^^©^^-^ 
©-#8 («flBIfl0 3*#jS*Sfcft©3Sl«S*3fc¥£ 
Kit, -^^©ftfcg^VvcUf-*^*-;/© 

©»2ia«ott**K2i:*>6«ii«*nr^*. igiigft 

SSI UVXWGl fc, BBn«»)AS^ TEOEtfifi* 
^-rS^2byXPG2t^P>^fiSc$nT^So 
BSP«*) A S ©«WBB©iSflf"e, )tWA XO^lRlfcBBP 
SO A S©^B®iK4S^S&Bfc, ^liAXifif^©^ 

[0 0 3 5] £2Hft%¥$K2& bf-^MiJ^P-Il 
fc N ^XMliJfcHS^ifejttfc^ffiSWffi^^baoiti* 
icMnffi (JtjgjfigP) 7WSiiMlt, b>XL 
2 i:, ^cP^P^ S^^tSSItffi^fii 
*fcIlJllM2fcj^6«lJ«*tlTV'»*. Sfc ##ij©&|£ 
)t^^{4, 8ft©I^S*WbT*J0, b^Xffi©^© 
b^^;WI^P>m#@ (m=l, 2, •••) ©l^ffitC^ 
^A S Pm^LT^I. 



(7) #102 00 2-8 3 7 6 6 

11 12 
[0 0 3 6] -5-LTv £l IsVXmG 1 ti, U^MRiJ * *^t*o -#®3 *P£>©ft«> ±»M 1 ©**©H 
frSflfc, b^^MiJfCflOl^SA S P 1 fclSjtfft* pg|57&^l/yXL 2^LTgiMM2T*SS^n> ©J 
-TsttTMWHsyXLl It, \s1-*7}\>IMK{h<Dim HM 2 T'E&tSftfcftlil'VXL 2 %^LT±^M 1 T* 
IAS P2€rlpJttfc^-^*^««Ol/>XL 1 2t, gttJW. ±iM lT'^nfcm U>XL 2R 

xafG 2«, b^/mo^e-ni^ \s*>n\mcw<Dit co o 3 si B2©&»3te¥3R**js-t3£T©/BJfrft 

$ffiA S P 4*fltffcWKHBtt©U:/XL 2 1 fc, ^gfltt C»Xl8#) Icimft (C a F 2 £11) 

^MiJtcao^ffiA S P 5ft'lftWfePli!!iJgttOU>X LTVS. mjtfiX'hZYi *fft©8Ji*& 

L 2 2 fc % £x^fl!KCiS©3|3SffiA S P 6* fatter, 10 Kftttl5 7. 6 n mt'fe 9 , ftffi&ftHtt 1 5 7 . 6 

XAX^(Dl/yXL 2 3t, "Jx/NfllKllHOl^ffiA nm± 1 0 pmefifcSfcflWbSftTfetK 3r^©S*fc 

S P 7 *famc*-7,-hXfcft<D\syXL 2 4 4:^6« («j*tf*ftEtf l SftMttil&'PSIB . 

^nr^So'M^ jB2«»j6*sk 2*©u>xl j^jRSjiaLfcawx^v^-tfstfoctt*) -ct* 

2 l/*-*;l/flJfc:iH©ll3SffiA S P S^fattte^xx ' ^©SfilgHrt-eBiRS^MJiftcffiiESnTV^So fi> 

*X^«CDbyXT'^i> 0 SS157. 6 nrntcttT $C a F* ©Htfr^i 1 . 5 

[0 0 3 7] #0IJ©&^ft^£P$-f£-f^T©ft¥ . 6 00 00 0T?*5, 

SIR (Gl. G2, Ml, M2, L 2) ^—(Offlbk [00 3 9] Sfc, *0J©^tt¥IfcT?tefflStt33l3* 

©ffc$ftM©jfi&£BES2*i, BJUMZli^x/Ncas ©SjSt«:*JWSSl¥ii*^i«*'yk:43^S^»Bi±©tt 
LTMSftT^S. cHt, H2©t9®)t^T* 20 H£"C©ftHlfct&ofc§E* <W») *ZfcU 
tt, l/^^;l/R©/^-^P>©3t*\ SglffifiWt^ -*¥&£rfcU R«t«»*KfcU n 3j?©l^*B5flafc 
Kl^LT, *->©-#« (tffBft) 3* %A~F£:Lf;:i:t, KToMt'g^ns. 

Z= (yVr) /[l + (1- (l + O • yVr 2 } 1/2 ] + A • y 4 
+ B • y 6 + C • y 8 +D • y'° +E • y' 2 +F • y M - (V) 

[0040] ut©*i *fl»j©a»)t^*©K7c© * [0041] gfc, sHUdti. swsnsau:-?-©^ 
©^^-^-^^©s^^n^natTv^o $ ^ss^TciiEfcL-ri^o ^lt, ^©Ai^ftfcfr 

x/N®'\©)tiSg©jttT , r?)*lRlfCjfto/clx^^;l/i|iJ^P) 30 U Mffi©ft^¥@r£££:LTi/^ 0 %:18, VTF?^ 

©ffi©HS#£* r(i#i©ft$¥l (mm:«Ol T©*Jt©»*K*v*»T, COIR l ©*«©®|fii:BWi 

£{cf±K£T*©ft^¥@) dU:«ii©M±nffi?« ©«F3*ffl^*. 

SffliSPI (mm) ft^*ffl*©C a F 2 teiffi*^ [0 0 4 2] 

<* i > 

(±fi«7C) 

A = 1 5 7. 6 nm± 10 pm 
J? = 0..2 5 0 0 
N A = 0. 7 5 
$=16. 4 mm 

Uf-*;l/Sfr5Slffi$"t?©HHi=2 0 1. 4 5 8 8mm 



l(ASPl) 


199. 4802 


23.6189 


CaFz 


2 


1933. 2675 


269. 2901 




3CASP2) 


248. 9463 


38. 4449 


CaF 2 


4 


1002. 9474 


19. 1120 




5 


109.3351 


28. 6306 


CaFa 


6(ASP3) 


143. 4010 


21.0000 




7(AS) 


oo 


35. 4787 




8(ASP4) 


-1979.6492 


27. 8589 


CaF 2 



(8) ftffl 2 0 0 2 - 8 3 7 6 6 

13 14 



Q 

y 


QIC Q777 


13 R494 
1 j. 04£4 






QQO OQQ7 


90 399*1 


l»ar2 


1 1 
1 1 


£0l. / coo 


14j. 00 / j 




1 9 


-Al^ 0989 


6J. 004 / 




1 9/ACpc^ 


-08 /1G1/I 

yo. 4yH 


1 9 caan 




14 


1 / 4. y4/o 


ou. uuuu 




1 C ( AQD7^ 
1 J VAor / ) 


9/1Q 0G9Q 

^4y. uyoy 


Q7n 9Qnn 

Of U. COUU 






_QCC AAQn 

-yoo. 440/ 




L3r2 


1 7 


oocU. 0440 


-49 89fi^i 


Udr2 


l8(.A5r8j 


-965. 4467 


-223. 7172 




19 


346. 8643 


223.7172. 




20CASP8) 


-965.4467 


42.8265 


CaF* 


21 


-8820.5445 


10. 0000 












AS P 1 




A S P 2 





K= 0.00000 k= 0.00000 k= 0.00000 

A =-9. 61173X10'° A =-1.55615X10"' A =-1. 49247 X 10"' . 

B =-2. 14569X 10"" B=-4.68023X10"' 2 B= 2. 48237X 10"' 2 

C = 7.59160X10"' 8 C= 3.66473X10"' 8 C= 1.10343X10'" 

D=-5.90665X10" 2 D= 2. 76851 X 10" 2 ' D =-6. 65598X 10" 2 " 

E=0.0 E = 4.46701X10" 25 E =-2. 15738 X 10" 2 " 

F=0.0 F=0.0 F=0.0 

ASP 4 ASP 5 ASP 6 

k= 0.00000 k= 0.00000 k= 0.00000 

A =-9. 40388 X 10 s A= 1. 88036X 10"° A= 1.67077X10"' 

B =-4. 01544X10"" B=-1.59516X10"' 2 B =-2. 42295 X 10 ' 2 

C =-6. 89483X10"" C =-3. 15148X10"" C= 1.58927X10"" 

D= 1.70469X10" 20 D=-2.20945X10' 20 D =-1. 11815X 10"" 

E=-6. 15241 X 10" 24 E=0.0 . E = 1. 37831 X 10" 23 

F=0.0 F=0.0 F=0.0 

ASP7 ASP8 

k = 0.00000 K =17.06579 

A =-1.42562X10"' A= 7.65400X10"' 

B= 2.11000X10"" B =-7. 96595X10"" 

C =-3. 82147 X 10'" C =-8. 95740 X 10'" 

D= 2.44894X 10"" D = 6. 26276 X 10° 

E=0.0 E=-l. 26805 X10" 27 

F=0.0 F= 1.50073 XI O 7 * 

[0 0 4 3] W±<DJ:3fc, BZ<DK*tEim<!>9&% *SCfctfT?*3o 

*jMSHW« 1 5 7 . 6nmOFi 40 [0 0 4 4] El 2 0fiKft^£i3iei£teSBfc 

fc*<, 0. '7 5o»BiNA*«ffT*afct,K:, *x 2<D®&yt¥&*®&mft,mwimmLtcm£<Dm®z 

tfT?**. 0 2 ®igRtt¥&*SKS»teSIBte l^yXL 2 4 £T'Ofg l Jgftft¥$K 1 ^ttfto^mtt 

0. l/jmttT<iD«»«%I)«t5Ci: «0*^#T?»*» 1 /^Wl/5tJ:oTfil»*tU £M 

Sfe, 02cDS^¥^^Xx-yy • 7VK Ml, WsXh 2, &tffiiJ«M 2 J: D45^2S«^ 

• X*+y#3©#«WfeaWc»flU t7X7N±T© *K 2*<a»0»«lll«0«^*1»**»2/^;l/6K 

IKtlS**rci:*tf 1 5mmx 6 mm©jejBttte«B£ ioTS^tlTt^. ^WP5, 6*»*«W©a»ffl 

D 3 Ommx 4 O mraCfllttfc l/f *;W^-y*fif 50 fflO#Wlttttf*$Mi4>«#:7o >y *£ttJ&bT^3o 



(9) 

15 

/tWl/5, 6(4&f£S7ftgB©?£&tLT©5*# 
£1 lfc*4LT*IIHiftfclXDtttt&ftTV3. 
[0 0 4 5] fef, 82/*U/l/6tt, l/f-*;l/fljfr6 2 
OO^iJUli 1 2 4 6 ft 3 amW±T?*;b h 2 3 fc 

«fiox«r« i i o**»teR»&tifcu*aoiBP* 

tUllff 1 2rtfc3«BfOV*i!©7U-^«Wll 3RD* 
3ttl^lRllCffliifiE©±T*lftBi0lf? 1 4£^LT± 10 
MM 1 fcWW.Sft* ft, T{IJ©#fiJSi 

M4 6rt{C3f@CD±T^|n]igffi)*? 1 5, -0©l^X 
#1 6; &tf 1 fflOffi&tflRjffii&lR? 1 7^Ltl/y 
XL 2Rtf»JttM 2^?hn>5. ±T7?riajffift* 
?14, 1 StLTte, mt£*»J5£©v^n><- 

fflT-t^o 3@m©±T#[R)ig®JfS?l 4, 1 5<DM.M 

m*&ffltzztic&vT, yt^m? (±imk uy 

XL 2, SJiM2) <0)tWlAX*lRlOfi[H, Rtfit£-f 

[0 0 4 6] 1 gQfljCv&fiCIliR? 1 7 14, ft 

mx£S£&¥ffirt©iIXt*2fi[ifc:»^T«fttt* 
<Dft^t?£gft£#i,mSjS©v^o^-*, Ett 
(tfxy^H) , X&/h§y ; e-*lf©2 0©J§Ei!] 

flii&^rifteift*? 1 7©2o©iM&gi5©i8Sj« 
fcaawrscwcioT, ^©^*?©es-ti>2I4 

Kffi0 CWTOllBttOJBtt©RiiH , l>ra*7?**) 14, 30 

rvufammm? a 4. . 1 stso Rtf#/uh2 3 ten 

LTl4ft$4AX£ffMl>i:LT 1 2 0° ©MSTftft^rTS 

[0 0 4 7] fgl^Iwl/514, Uf-^;HI*»6W 

1 1 *fi&-rSf£lb£4ttHflftffi2 2 At, X 

^-+>-ffl^ii2 4 t, uyXL 1 2*ufttz>mmmti 
msm2ZBt, uyxi 1 3, .wptsiOAs, 

ftSKtftt 2 fcfc&f S#*J«IS 2 5 At, l^X.L 2 

1 *{5^*#ffl*tW 2 5 B t, UyX L 2 2 40 
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"fttWfc** K 2 ft^&QftftJttff (fiJI7D -y ©Hi 
£f*T?&S£2/<UA/6A (11^-7 h) C^T« 

[0 0 7 8] ftf\ Xs+ZMSttfrb 

2 -ommm 3 7 atf 3 e % 3 fiflff©±T»i^K»* 
tin 3 6 07 7 y ^aj^ffl^iRjffiWiis^ i7^u 

U y^K03£»8W3 5 B"e£#£ft v 3 5 B 

«nfc3ffl©v^so^gMJ3 4 b 1 9&tf 
nn^o. stc, #siitis 3 7 aicoKv&iriBI&jr? 1 

7*^LT±«lMl««fia*Sn, »*Jiltt3 6rt»C3lB 

X# 3 8 tU U > X# 3 8lC<to THIttM 2 

ffiWSftT^*. COi^iacT, ^2^U;l/6Ai 

ftfcbTOXWfil iteW-r**ttAX^i«a©ffl«, 2 

(ft©@»3 0f-7l/hft» &D*^i|i|!lAX{cSit^Srt(D2 73 
h OWfP 0-X~F> r 5 g &fi©g{ft©f|Pjffl]J 

Wl/6 Afcftf & 5 ifig©^{4©$USmT9 C 
£Z>t&lC s iMM2©£2^Wl/6 Afc#-f 3ttfflA 
X}?ft©&B, Rtf2li©EI90f-rt/hft0ffl» (fit 

T, r3gijg<D^fe^Jfflj tv^) *fr5cfc#-e 



X10" 
X10" : 
X10' ! 



# So 

[0 0 7 9] -»3A^^XAW<D»*ft 
3fg 2 K 2 (±«M 1 > giJ§tM 2 ) ©KKf& 

1 9 (^S?»3 4 B©T*S) <Df&*iIDft«lA 
X fcSfifcBtt, 3 5> 7XMW©^® $ 1?©ft 

fflAX{CffiofcSg|i% 1 : |8 2KF>35j"r3££}lt> ; £© 
%M-A XKSE*ffiK{J(SJgLTi^5o #0flT*& 0 2 = 
-0. 4 9T'J5„ Ctltirpt, ^2^l/;V6A^ 

[0 0 8 0] #{c, »i^U;l/5Att, Pf-?;M9Jfr£> 

'mcmmtomm* 4 a, ^«j«t«4 5 a, ^wji!# 
nam 4 4 b, 44 c, #*j»W3 9, 4 5 b, rvm 
mm^mmm 4 4 d , 4 4 e ^tvf n 3 ©mix±©{£ 

$n5i:«t, *ao#*J»f»3 9®77V^ d 
£tf foBttlHP 1 7 fcfl- LT U y tt<0%m&t 3 5 A 

■es:if?n> 5JfapW3 5 a&, iompwo 

30 JBHO±iBfcHS*tlfe3ffil©jttV*S!©Sl*as»3 4 
AIC||#^1 9Rtf±T»lRflB»HS?l 5*^LT«W 

©sfsis 1 1 twf s 5 B&fioaMflwsw&fr? c 

[0 0 8 1] £fc, 5ffl©ffi«®»*J«fS4 4 A~4 4 
E&> ^tl^n^4 0}C^LTbyX^4 1 > ±T7? 

iftBlWR^z'o. ro*x^— 9-4 2%iK*ftt (cne»© 

^(pj^il^l 7^UPVX#4 3^@^LTli 

40 isyxwA i Rtf 4 artjc^-n^nu^x*^ 

wsnr^*. *lt, 5m<DmW)mmmw>4 4 a~ 

4 4E(t ^nftlbyXLl 1, LI 4, L2 2, L 
2 6, L 3 0*5-S*«OSffiOlW»36i«T**«l8Tfii 
#U flH&S#*J«tW4 4A. 4 4B, 4 4DKM' 
tlUyXl 12, L 1 5, L 2 7*»±tt»-p«J*U 

2 4 4 c , 4 4 e itztiznisyx 

L2 1, L2 8SUVXL2 2, L3 0fcfttC3iSS 

ISI4 5A, 4 5 Bti^n^n^yX^4 1 ZftLTU 
50 yXL 1 3, L 2 U ^fMW3 9(420©^ 
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>X#4 l£fl-LTUy.XL2 3, L2 4*ft8l/Cl/> 

[0 0 8 2] •?■ LT, Bl6 0^as©±T*lPlWI!l* ; ?l 
4 , 15, 20 RtfffiiutffilffiftiS? 1 7 ©Klft t @ 3 

oeflMfttww* 2 7'&n«otim$tttijmg(c £ o r 

^©ISIi^C, ±g|M 1 fc»J*M2 fc©ftBMft£ 

[0 0 8 3] £/c, lxf-^;I/RO^^->iB*^-*» 
3 l*S«tt¥&K 1 (l^XLll~L3 

o) <D*a»fif**-/s i int, »i/<u;i/5 a©£ 

SRBTa&*«*¥ 1 9©4M> (£&gM*3 4 AcD±ffi) 

fcilDttHiAXfcSilfciBHu t^/PR©^*-;/® . 
*p&-3fc«3£-e©3fcmAXIci&-3fcffilt*l : /8 lfc ' 

rt^*j5*iiD*0^AXfc£E4iEte«H»LT 

l^*. *flJT(i/S 1—0. 5 IT'S 0, Cftfcio 

T, Hl^lwl/5 A#*0$J*flS0lll!>fciaiEl/Cfc« 20 

[0 0 8 4] U^XL 3 0tt-#fft (EpHtfO 3 

<fe»3 1 OmmHTtasStf, »KW&>*-7 
T»l'U//l/5A (» 1 ««0t3*SK 1 ) teMt/CV 

jB^snt^s, zcorctb, cn^o^vM of@m© 

7ny#*fit (#*JIIW'4 4 A, 45B, 44B, -3 
7, 3 6) ^355, £nK£oT, 3EJ$®*@g©{£g|g 

[0 0 8 5] 0 7te06©¥®0T*&9, ilOl 

7fcfcl^T % 06€±TS(Ripif2 O(t TtlfiAX 

A~2 0C£ElI£*VCV£o 0 6 ©{&L^ftIg 

ft*? 1 714. i!3E-r*2*lfttel^yX#4 3*a£tt* 

-esrasm 7 a, 1 7 ct, cfttbvmmmcitiLx 

Z<D U>Xft 4 3 LttifZ 2 0©#»«5 1 7 B , 1 

nri/^o 40 

[0 0 8 6] 06tcKD, &l>yXft4 1 fcfcMBKcrt 

gi awi/5 Art©#u-yX*M 1, 43<Dmn*mm 

LTff!2^1Wl>6 ArtfcSO, SS2><U;l/6 ArtfciJSA 
Hk) , atffJftM2©**ffi©IJBP£8T£XMW# 



#Pf82 0 0 2-8 3 7 6 6 
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COIHIC, &U>X#4 1, 4 3fctt£»©B)lPj!flft* 

jet- scttcfco. EiMfiawaswoeaikt^teT** 

[0 0 8 7] Hl^lwI/5 A©M®14£i^65fc 

##.111194 4 A, 4 5 A, 4 4B, -0I8£14* 

l/^l/5Afcf2^U;V6A i:©lfflOSIffl%fEBB1"S 

# sw- ?>n> iMnittffi 3 6, 3 6 (Dr&virffifawmm 
?i 5*«$£5Mt^0**»iMBf (^F0?o # 

[0 0 8 8] [!S3©UlJ!fS©Jf?li3 #fgH£©!f?3 
©#l8i©mii©&f&ft^fc:ot08. H9*#BBLT 
MUTT*. SMtbTAr FX+^^U- »f 

(*£>Sftl 9 3. 3 nm) 1k%mf&t$kfo, P/rS© 

3tt*lfite*»W*afflLfct>OT?*0, 08, B9(C« 
l/>T, 0 2~B6K#£*Sffi#fc»H-Xtt8ffil©8f 
*f £tt L T * ©SMfflffifW* ^Bg-T 5 o 
[0 0 8 9] H8lix *W©E*tJB»fS!©J5Wft¥*0 

fcttffil (Hlffi) fcft-«Uf-*fl>R©/<*- 

ib« i i **ja-r*fc*os«H«fS!o« i e# 

2m®$t¥%0 2 fc*ffl|*.TV*. ^bT> SliM 
flGK Rtf!B2lfi«3t¥3RG2a:s ^ti^tiS 1 ^ 
Wl/5 BRtf^2MWl/6 BtCfcoT^^tlTV^o 
[0 0 9 0] Jfc1\ ^l«ffGllt '>*<fct 
lOOiEU^XlS^^OUyXSPL 1 UvXifL 
1 *a3SLfc3t*KW"rsS 1 ©S*fffiM It, 9! 1 © 

Aofl!2 0SWiiiM2i:**U SiRtf^2©Sltffi 
tC[H]ffl*(B]ttfc:^-X*X^©l/yXL lit. bf- 

^ mm fc ^ x * * xB^toiEmm -h © u > x 

L l 2 ts bf-^;l/fcfl©^^®A S P l ?r|S]ttfc^- 
X*^tt©P>XL 1 3 i*SU KltffiM 1 it. U 

tt, SltffiM 1 tc^LTtHI©|^BA S P 3 R 
MffiM 1 fcSWiBM 2 fcOHfcMIHHettOU^XL 1 4 

[0 0 9 1 ]-^ »2tt«3t**G2*4, -«4:LT 
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MmoimffiA s p 4£[p]itfcMHm#c£>u>XL 2 

2t, K£b^©l^yXL2 3i:, U^^;WcO(D|^ 
ffiA S P 5*falfrcM{hmVi<DUyXL 2 4 Uf-^ 

Mcwm*fatfrc>i--xfixBVi(D\syXL 2 5 m 

aBVi(DUyXL2 6ts ^XAlC.QO|^lAS.P6 

^fttffcMQff^oU'yXL 2 7 ^nen^x/^c 

tH]ffi^(p]ltrc^xX*X^«©3fe(DlxyXL 2 8, L 
2 9, L2A£:£;pfU l^XL 2 3 <DA&tffi<D&Glt 

r^pso a s tfiEBsnTi^So 
[0092] zbTs ^mo^Bit^m^t^xn 
%^m^^m-<Dwm.<ofmk x±fcgHB$n, 

(S3» 
(±SH7t) 

A = 1 9 3. 3 n m (*oiSM) 

|3 = 0. 2 5 0 0 

NA = 0. 7 5 



10 



1 
2 
3 
4 

5CASP1) 
6 

7(M2) 



10CASP2) 
11 
12 

13CASP3) 
14 
15 



-211.97583 
-354.80161 
-8888. 21083 
-227. 79960 
303. 84978 
237634. 15996 
oo 

-348. 87932 
4267.07121 
-362. 24910 
4267. 07087 
-348. 87932 
642.80918 
208.71115 
-2529. 72930 



16(ASP4) -1810.41832 



17 
18 
19 

20(ASP5) 

21 

22 

23 

24 

25 

26 

27(ASP6) 
28 
29 
30 



851.98207 
15200.59096 
-268. 76515 

434.96005 
-345. 83883 
-215.91874 
-619.95152 

415.08345 
-1275.90912 

324.91386 
-740. 00769 

140.91060 
1406. 88948 

355. 40083 



30. 000000 
35. 347349 
38. 000000 
0. 944905 
27.415767 
30. 000000 
214.776416 
12.000000 
5. 579827 
-5. 579827 
-12.000000 
-214.776416 
246. 776416 
33. 000000 
257. 546203 
14. 500000 
220. 408225 
30. 000000 
0. 200000 
36.013163 
10. 489902 
20. 000000 
0. 200000 
40. 000000 
26. 288090 
35. 000000 
5.214992 
34.000000 
0. 500000 
17. 506069 
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¥&*mmz> ±T<omv\X&w>m (uyx$#) <on 

T* 1 ftOl^yXL 2 4(CO^T«^e (C a F 2 jgil) 

*mmLT^z>t>\ ffttm<ou:/X£o^-Oi£j$5 

Vk (S i Oz ) fcffifflbtVSo %Tz, mXKX'&ZA 
r F x^->v U— *fyt<D&m$»L>&&& 19 3. 3 n m 
XhK), fSffiSfiitlti 1 9 3. 3nm±0. 4 8pml 
JS^^{b^nT43t)^'L«l 9 3. 3nmicnt 
3S i 0 2 RXSC a F 2 <D®^&l;TF<DjIt>T&3 0 
[0 0 9 3] S i Ch <DK#T^ : 1 . 5 6 0 3 2 6 1 
C a F 2 CQ/g#f$ : 1 . 5 0 1 4 5 4 8 

[0 0 9 4] 



Si02 

SiOz 
Si0 2 

mmm) 

Si0 2 

(Ml) 
Si0 2 

(M2) 
Si0 2 

Si0 2 

Si0 2 

CaF 2 

Si0 2 

Si0 2 

Si0 2 

Si0 2 

Si0 2 



31 

31 98. 27403 

32 105.27944 

33 1597.37798 

A S P 1 
k = 0.000000 
A = 0.743561 XI 0" 8 
B=-0. 230589 XIO" 2 
C =-0.115168X10"" 
D=-0. 753145 X 10 22 
E= 0.0 
F= 0.0 

A S P 4 
k = 0. 000000 
A=-0. 885983X10"' 



B=- 
C=- 
D = 
E = 
F = 



■0. 200044X10 
•0. 570861X10"' 
0. 456578 X10' : 
•0. 493085X10"' 
0.0 



(17) 

1.561573 
75.940555 Si0 2 
12. 920542 

A S P 2 
k = 3. 260270 
A = 0.859110X10"" 
B= 0.351935X10"' 2 
C=-0. 100064 XI 0" 15 C = 
D = 0.318170X10"' 9 D = 
E=-0.489883X10" 23 E=- 
F = 0. 0 F = 

A S P 5 
k = 0. 000000 
A =-0.161380X10" 
B= 0.153066X10" 
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A S P 3 
k= 1.840470 
A= 0. 198825 XI o"' 
B= 0.556479X10"' 
0. 597091 X 10"' 
0.492729 XI 0' : 
0. 103460X10" : 
0.0 



0.108604X10 
0.319975X10 



C = 
D = 

E =-0.101080X10' 
F= 0.0 



[0095] *m<DfcM®ffim<D&Byt¥mt. mm? 

0 8 om%&ik*tsamymmtcMR l 
[oo9 6] 09 (a) it, msomm^zt&mm' 

^■fc»«b;fc*£©B»**rWffiHT*9, <:© 

09 (a) IC&I^T. l^XL 1 1~L1 4, RtfSI* 
SMI, M2%«roSirtlJ:»)a*g!l««316*JRG 1 
WfiSOiMUIIW »n7« (DM&WX'&zmi 



L 2 1 ~ L 2 A £ 9 2 IBtftft^G 2 

6 BttS»«)t«Ho3£«ffi l l ©±BBlc»BliifcteB 

Otttf 5>ftT*5tK % 1 /*U;l/5 B(i^2^U;l'6 

[0 0 9 7] ^2/^Wl/6 B&> Uf-^;WII*»6 

MKc^VJMffi 5 1 , ffiUSIftflygtH 56B, 5 5 B , ft 

tunffi 5 6 a , KtfflgnsidtiJttffi 5 5 a ^tv? n 3 

I|gLTM?ntl^„ *LT, ±4SO»tRM«5 1 

o75^>*gp^^ig i i e. n re iginffi©jas © 

±ffifc*Hii*©#/l'h*fl'LTHJfr£ft, ^tUMffi 5 1 

tt5 3^LT1/VXL 2 1 *^«nTV^So 
[0 0 9 8] t ©i§£, 2 {icO^BSy^fiJilfa 5 5 A , 
5 5Bti, ^-n^nn© 5 4 filWUTU^Xft 5 2 A, 
5 2 B, 3@P/T<Diar¥ 1 9, Rtf 3®ffi©±T£faSS 



A S P 6 
k= 0.000000 
A= 0. 138330X10" 
B= 0.194125 XIO"' 2 
C=-0. 258860 XIO"' 8 . 
D =-0.196062 X10' 22 
E= 0.363539 XIO" 26 
F= 0.0 

OfclRlfiLTlilJSStU U>X»5 2A, 5 2 

^Ltuyxw^ntt^o •?■ Ltv tii&SftfiJ 

ftffl 5 5 A tt, WyXL 2 A, L 2 9 fcltofcRMKMSH* 
U U^XL2 8*3a*KO«ffiOWI«J < ^**«ffi 
TfiSWU t6ijS^»MtS5 5B«, UVXL2 5, L 
2 4*jS*lfcK8re£#U U>XL 2 3£3g£(Jg©^ 

30 5 6 A 2 ft^UyXL 2 7, L 2 6 *t*lfcKI8T*$ 

#u mffiwmm 5 bb& 3ttmo«4f¥i 9, 
xl 2 2*3esa©«ffiow»^T?**tttt-e3a$u 

[0 0 9 9] 09 (b) t±, 09 (a) ©SK^Ifc* 
aVriSffiBI©-®"?* 0* C©0 9 (b) fc5Vf£? 

tt<DM4*W%lHl(teRl«6«:ttl!n?^"r S 2 OOgj^W 

■e**J:5fc*lJ82ft'tv*. Ji07U-ix«t5 3* 
fl-LTl/^XfcSWr-TSiifcfci-aT, *Sieft*&©rt 

[0 10 0] 09 (a) icM<0, $l^U;l/5Bli, U 
f-^;I/«^6IRfe:ffi«e!»ii]«Hf5 7 B, »*J8MS!5 6 

e , nmmftt mm 5 6 d , 5 7 a *zti?n 3 ®mw 

50 *H^©#/l/h*rtLT£2^Wl/6B©#lPJSi«5 1 
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0±B5fcH£*nTi,^. fit, flgabsj^mm 5 7 

A (Dftmctt 3 ®ffi<DM€3- 1 9 Ra*±T^fpJlgttm? 

2 0 L-awmm 5 6 c awns n, mmm 5 6 

Crtfcb^X^Rtf7U-A««!5 3*^LTfi»iSM 

1 sttssm sa'uyXL 1 4^»«nrv^ 
§ 0 cttfcj^-c, u>xl 1 4, mfELMmui%ft 
osstati, mmftfflm 5 7 a ri-e 3 i &s©g(i 

[0101] flmsKHMMM 5 6 Dcomnam 
JLtffamm? 1 7^lt»x#5 2#&ft2*u 10 

b>X# 5 2 ±tc 3 ®m<DM€^ ±T»f«W8IWP? 2 

»*M«5 6ErtlC7U-A««|*^LT»±««8 
Tlx^XL 1 3#iJ*S*U SJ^OjffiMlS^mitN 5 
7 B<Drt95tcU>Xft5 2 CRtf7U-i»««l*^LT 
U^XLl 3@m«Dil8^¥> & 

Q*±T73lR]|gK^?^UT3iSgO^{43b ,5 T*t5^ 
ggT'l^XL 1 2#$8StlTV*o 
[0 10 2] fit, 09 (a) 0^8l5©±T^lRlffi» 20 
i?2 0 &tf 0&LvfrlR]Kfj3R ; ? 1 7 (Dlftf^ fe 0 3 <D£g{§ 

immw* 2 7 1 Rttoerfi^ttcmi^tc zixmrnz 
tvcv*. *oe*. *wcfe^Tt, ^ft^<om. 
iLmmmc kmmm i , m 2 2 -D^Kmrn^t 

sic, j&gfcj£i;Tii)tis>t>tc«i»«F 

[0 10 3] Sfc, *MtHi/^-^^tLt7;b3> 

3? x ( a r ) *^ffl * nr*3 0 , «±go«i«iS!»fija 30 

;l/5 Brttefltl&Sftfc^-: #b>XX«^R 

*wi*3a* i r*7i/-i»aw»5 3 4)ia*iiifiLT£2/< 

Wl/6 BrtfcMt), ^2/^Wl/6 Art SEAL 

#U>X%SSf"rS7U-A«»5 3©H*ii 

xxTtwwrrzmK.. mm 
t%<m$<w®tzzttmmvibZo yv- 40 

[0 10 4] MtC. 5 B. 6 B <OM®14£iiid3 

fctttC, iHWSSfS 5 7 B, 5 5 A ©MIC 14**1**1 

;l/ 5 B©«±l£©byXL 1 1 ©ffiiJ3B£:?I? * -5 fc—fcB 

n-i>o 

[0 10 5] ±BOJ:5K:*«©iSag3t*3Rte»4 6iBO 50 
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#£jffi*ra'*trc^*. *©fc&, *©»ts[»»fctt* 

OlfSiB * 0 ^ 9fflOXn >y (#»J«W 5 7 

B, 5 6E, 5 6D, -, 5 6 A, , 5 5 A) tPfo% a 
Sfc, EltflSMl, M 2 *«pO 2 OORItat^ *ft* 
n3S*S©^ffi*<Plffi-efeSfc^ JtWAXtcSE 
:&®rtT*OtSW^^7 h^HJtlT'SSo 

[0106] [$ 4 (Drnmrnm] 
<Dmm<Dftm<D&&ft¥mcDzm 10-01 2*#bs 

1 5 7 nm) fcffiffl** fcttfc, **i**i^L,^ft;b^ 

l 2fc&V'>T, B2~B9tettJS^Sgp#tcttl^-X«: 
[0 1 0 7] 01 0tt> #09©K*fJS#rS!©S»ft¥& 

©uyX*l$0-e&^ coHioic^t *#J©£ 
»3t*»tt, BJ(*®1 08 IBS) fcfcSU?-*;l/R©>< 

^©s i tt>H«%^rsrci6oia#fso« 1 

%»««5WJi«fS!<0«2teflBfe*SG2i:, *©<g 
2*F^fr6©ft{cg^Tl^7;WS*-;y©g^ 
£#ffi4 OK 29) K;g3 7xMW©Sffi±£ffM-f 5 
WS!©JB3««^*G2fc*«*.TV*. *LT, 
ISflBtt*»Gl t G2, G3'tt, *n*n8ii/<u;i>5 

[0 1 0 8] *«Oia»3t**fettWS!T?**^ ^5 

(01 Qoymtirnnto. 1 4 5 omrngs) sn^ 

WW5C, 6C, 5D», JS»g*3ieKll05a*«fc*fb 

T*n^naifcSB«tiT»/-'S (01 i#n) . en 

?WMfSfc^ ^U;l/6 C^JHB-rtifcf/^l/;!/ 
[0109] SB 1 ««0t**G 1 tt, b^^;i/R 

w*»5jii»cuf-^/i/»£:iao^BM5A s p 1 zfavrct- 

XAXW^yXL lit, U*-*/WcHE*lRlttfc 

A S P 2>[pJttfe^xX*X^©U>XL 1 3 i:, U 
^^McaS^lPj^/c^x^^X^cDV^XL 1 4 
i:, £XM£G3©#£&ffiA S P 3%|qJttiTcp<x^*X® 
fcOU^XL 1 5 -k, U^^;l/{cfl®^[p]ttrc><x7>A 
7n^<DUVXL 1 6t, n{h&W<D2W.<D\/yXL 1 
7, L18t b^7;HcH<D|^ffiA S P 4*lftltfc 
*-XftX&Vi<Dl/yXL 1 9 k, ls?-5MC&WZfa 
lffc*-7>fi7>Btt<D2fo(DUyXL 1 A, L 1 B k > 
7XMtCfl«D|^fflA S P 5^[Sj^/cM£hff^©^yX 
L 1 Ct^tLTV^o 

[0 1 10] S2ffi«^3SG2ti, b^^;bR 
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RSSmAlt, V^>^CW<DimMk S P 6=£|6]tt/c;>< 
-7,l3Xfcft.(DVyXL 2 1 i:, Ul-tMCBVimm 
A S P 7£frttfc^X#7j£tf£>UyXL 2 2 fc, b 
^/WccsE^fott/cfg 2 KMSIM 2 fc**f LTV3, 
g^MM 1 RUM 2 ©ftSIl A Xft@<Dmmz 

znztim i «fm«Rt«B2if im«3WBiR«n«fe«>, 

K&glM 1 RtfM 2 A Xifi«fOiifi«fctt«JIBtt 

snt^-s„ ctDmc ^<dwm-r ami® <D-&mm io 
yaucttt n AitT* i 9 . 5 o > is 
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(w^yF) i 1 3*«ww*. mm 

1 1 3tCOl>T(±, ftHRM- 1 9 6 5 1 3^ 

a«, Rtfcftfcttfc-tsfcHWFiras, 473, 41 

0#&«fcl5fl*StiT^S. fiaWfflSRO l 1 3fr£© 
Gifts 7-1 i s, 1 i 8, uyxmi i 6, l 
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0 l-U^/l/R^SSftSS) RtftSJB3te» 

BOS^-^t. GMT, jig r/s-v^'xj fciwo t?» 
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©flflltctt, l^^/i/RSrS&A • fflfttiifo'T-i/y? 1 
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V^U?-^l>7.h'y# 1 2 4 fcOB-eUf-^Jl/OStfiS 
Uim 1 2 3£-frLTff 9 0 
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iaw i: ©IBI0£lffl*tt«S#HS[fr5iB« LT*3 0 „ ^ 
©FWc, >j7X/NW^^-r?>^x^7.x-v ; 1 2 8, 
£ffifcLT©«>XMWC>&E-<DZ£|D]©te« (7*-* 50 
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7*- ftX-fe^ 13 0, *7 • 7Zi/Xtt<D75'( 
^H»y*13 1, ^XA7f-yi2 8%IiLT 
l^gfil 2 9fclRa!LtV3o £©^-^7*1 2 6 
fctt, 7XMW£j$A • $ttti-r£fc*b<Dlf 1 3 3*W 
^ftTfcO, cKDMl 3 3©^Wcli^->'>'^'l l 6 

m<o%m$ztfm&2ft%<D*m<*tc&<DXxmm , g. 1 

3 2*We>nT(/>So C©#7.H&Ml 3 2 ICtiJP 1 
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SHttS^OtfXMWOllftffltii:©!? 1 3 4*ftLTft 
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V6tfRtt&ttT*5 9, Cft£©*&*t#Vl, V2, V 

3 , V 6 «0^4 t tfxttss&gg^&sisnfc^mss 

t^^nTt/^o ^r-^l 0 4, 1 5 0, 

1 2 0, 1 2 6(DftlfnW4, wvn, VI 

2, vi 3, v i 6#s:«-e>tiT43tK <ine>©8MK# 
v i i, v 1 2, v 1 3, v i 6ti, ^n^ns^&t 

&*5, #7x&3£gfifr5©^#7l4^0^©SJgP§ 

^7*©j£{g&c@EK£n& C t*^S US, 
[0 16 4 ] HtttCx #7B$>M 12 1, 13 4 fC&fcS 
M#V4, V7i:#fM#V14, V17fc7bW?>nT 

1 4, v 1 7i±^gK*^br^n^n±i3^fx#«& 

SfHte»ilStiTV»«o £?>fc:, filBft¥& P L ©»18T 
;l/7) VI 5tfRtt£*lTfc<3> IM&#V5ttH5S4* 

[016 5] ^tc ±m<DmM(DBm(D&mmfti&w* 

ISO— 0>J^L, CO01 7{c4ot>Ts Sf^'JnV 
^z»^H^P,7x/NW^Sji$n^o ^"O^, 7x;nW 
±{C7* hU^b^l Uf'^S 1 0) , ^O 
7ry7*Sl 2lc*5^T, ±E©*»0»»OJft»*)t 
ggOU^^UXx-v'IEW-^R l*n-FU 
^SS^^T*l^f-^;l/R lO/^-y 0?F#AT|g 
-T) ^-j7X/\W±0#g|50'>3-y >^S EkilE? (8 
)t) -T?>c «i7X/sWl4^Jxt4*ji@3 OOmmO* 

jgft; X14S 0 I (silicon on insulator) 

H<T)7x/n (1 2-ryf 1 7x/^) T'SO, V3>yhnH§lc 
S E©*t£«-#J£: LTl^S77lnlO*I^2 5mmT 
/tfi?3 [SjOipE^ 3 3mm<0j©&1H«Ti&*. ^t, 
■yys 1 4(cfei^T, ^R^x-yf-y^-r^-yaA 
IP^tT^Cfctct Dx 7x/nWO§->3 >y b®«S Etc 
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[0 16 7] !^±(D®7tI®~/^-yffMlS (Xf 
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(7-r>y7S 2 2) ^ >^IfI> St) 1 

Ay^r-z/y^xnm (X7 L -y7°S2 4) 
i^T, iyo°n£LT©¥a§ftxVW7S PtfimSft . 

SE (CaF 2 : 7 «y{b* A) *«JHLTV"»* 
jb\ C©CaF 2 £JlP*.^ a Fa 

T, Px.^7>yfkAU7A, 7>y{tUf-7A, RO*77 
ftv^o>7 H©7 >y {tVn<DB&ttm^7 yMff H 
-7^tl/cE^ ; &^fflbTtS.^o fiU 

8HB3te¥*ttE3S©#s XteCaF* ©* 
Ti^n5«:i:W$U\ 30 
[0 16 9] ±izB©£*&60!|-ett, JttlR.4:UTF 

• u~ ifxtiA r fx*->71/- »f*fflv\ &%ntmw 

D(c, 1 5 7 nm^l 9 3 nm^CfgHX^ 

oya gv— >f&if©HftU'— vto^mwitm^&i 

*b— tfft£, ^ijK.«x;Hf7A (E r) (gfcfix;!/ 
t£7Ai:^y77H£7A (Yb) i:OM7^) #K-7°S 
nfc7rW^-7^7 , T*Ji*@U IMfcf&ftSMSilfcffl^ 40 

[o 1 7 o] ' sfc, ±m<D&mimmT*iz, 

HftifSS 5 , 6 8 9, 3 7 7 #£$B©fg 6 Ek *B#S= 
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f § cfcfc j; t> , «rft©££tt*ffi&&g©i£»£f# 

->a -y h®tt^vx*/<*-y«J&--*gWfc:<E^Lfc& 

• UtT-h^ (-fiWftjfrsS) ^ *X/N©&*3 V 

LT8HBte*/J*aSEJfcfc LT|ll^*-r57sX>yy • 
7>H • 7>^^y/3^ (^gB^Ta^) ©;TOC3lffl1- 

[o i 7 3] ±.&<D&mffimxte, ¥m&m 
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[0 17 5] 

[fg^©^m] *Jf6WKJ:titf» SI^®ST^<tO^§S 
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*^t^o, ao<eatc(Si:T, a»3t¥s©aisrt 
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R-b^/k PL £x/v-^x/\ l 
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6-S2^1/;K 
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sji^ 2 7 -mmftmmzk 



[01] 



[02] 




K1 (6A) jJ.Y=j81'02OT 
K2(6A) 

gl - LI 




(5)KK 





V 



^12 002-837 6 6 



[010] [011] 



- w 




[0 1 6] 




(35) 



H 2002-8 3 766 



CHI 7] 



33aa!13j3SI 

aoaaoaaa 
BigngaiB 




on no— cp 

DDDOQDOD 

□□ CD DO CD == 

DDCEDDDD ) 

ODDD 824 



EH 



(51)Int.Cl.' 

G 0 3 F 7/20 



5 2 1 



^MH3 : f^fflE^ort3Ti2.#3^ m 



F I 

HO 1 L 21/30 



5 1 5 D 



F*-A(##) 2H044 AA16 AA19 AC01 AE06 AJ04 
BD12 BD15 BD20 BE06 BE08 
DA01 DD11 
2H087 KA21 LA01 NA04 PA08 PA13 
PAH PA15 PA17 PA18 PB08 
PB14 PB20 QA02 QA03 QA06 
QA07 QA12 QA13 QA17 QA21 
QA25 QA33 QA37 QA39 QA41 
QA42 QA45 RA05 RA12 RA13 
RA37 TA01 TA04 
5F046 AA22 BA03 CA04 CA08 CB03 
CB12 CB20 CB25 DA13 



